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EXECUTIVE SUMMARY
The aim of this study was to investigate the impact of water quality upon coarse fish 
population dynamics in a lowland, urban watercourse. All of the research carried was 
undertaken in the lower River Irwell and upper Manchester Ship Canal, between February 
1998 and December 2001. O f particular interest was the natural sustainability of the urban 
fishery given recent concern raised in the angling community over an apparent decline in 
coarse fish populations in lowland rivers. The research described in this report has 
concentrated upon the role of water quality in determining coarse fish population dynamics, 
and in particular:
1. The impact of water quality upon fish growth and productivity.
2. The impact of poor water quality and low dissolved oxygen concentrations upon fish 
distribution and movement.
3. The impact o f water quality upon the sexual development o f fish.
The Manchester Ship Canal is fed by the River Irwell, which suffers from a legacy of 
industrial development, hydraulic engineering and poor water quality, dating back to the 
Industrial Revolution. As a result, the fauna o f the lower River Irwell and Manchester Ship 
Canal has been severely degraded and was described as fishless as recently as the 1950’s.
A reduction in industrial land use and shipping traffic on the Manchester Ship Canal, and 
increased investment in sewage treatment throughout the Mersey catchment has resulted in 
water quality improvements over the last 25 years. This has lead to increases in invertebrate 
diversity, although the waterway is still subject to high levels of organic sewage derived 
pollution. The Environment Agency has undertaken extensive coarse fish stocking in the 
catchment over the last ten years, and this study identified 11 fish species in the lower River 
Irwell and Upper Manchester Ship Canal.
The invertebrate community was found to be detrital based and dominated by an abundance of 
the Crustacean Asellus aquaticus. Asellus occurred at very high densities throughout the year 
and provided the basis of both adult perch {Perea fluviatilis L.) and roach (Rutilus rutilus L.) 
diets. Roach growth rates were faster than those recorded in other local populations, whose 
waters did not receive high sewage derived organic inputs or support large numbers of 
Asellus. Perch growth rates were typical for the species despite the use of Asellus as a food 
resource. This was thought to be due to the impact of the spiny headed parasite 
Acanthocephalu, which utilised Asellus as a vector and was common to the perch alimentary 
canal.
The tracking o f fish movements between the river and canal in response to changing water 
quality was undertaken with radio tags and a Simrad EY500 dual beam horizontal SONAR. 
However few viable results were obtained due to technical difficulties. Radio tags were not 
powerful enough to avoid signal attenuation in the MSC and receivers were constantly tripped 
by urban ‘background interference’. The sediment of the MSC is permanently anoxic and 
large numbers of methane bubbles are released when water temperatures exceed 
approximately 12 °C, which invalidated SONAR surveys undertaken with in the MSC. Only 
those surveys undertaken when water temperature was relatively low and at the upstream end 
of the SONAR survey route, where bubbling did not occur, produced fish density estimates.
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Fish population densities at the head of the Manchester Ship Canal were low, resulting in low 
adult productivity estimates for both roach and perch. However these estimates are 
conservative since SONAR surveys were undertaken during the day. Surveys should be 
undertaken at sunset when fish activity was shown to have increased by a factor of 3, and 
density estimates taken at this time would have reflected this.
Roach and perch numerically dominated the fish community and both populations showed a 
wide range of year classes representative of successful recruitment. The roach population 
structure was typical of a density dependent recruitment mechanism. However the recruitment 
o f fish may not be due to successful spawning and survival in the survey area, but may rather 
be due to the downstream displacement of juvenile fish from further upstream.
The sexual development of roach and perch was investigated in the MSC and an adjacent, 
isolated dock (Salford Quays) uncontaminated by sewage. The sex ratios o f roach from the 
MSC and of roach and perch from Salford Quays showed an initial male bias in fish less than 
3-4 years old, which switched to a female bias as the population aged. However the females 
bias was very high in roach taken from the MSC (12:1 for fish over 4 years old). This was 
thought to be due to deferential male mortality. Perch sex ratios in the MSC were severely 
disrupted by the precocious development o f females and persistence o f sexually undeveloped 
adult fish.
The development of eggs in male testis (intersex) was identified in roach taken from both 
water bodies, although the frequency and severity of the condition was higher for fish taken 
from the MSC. Perch taken from the MSC had very severe levels of intersex disruption 
characterised by an additional proliferation of connective tissue, but perch taken from Salford 
Quays showed normal testis development. A causal link between intersex and sewage derived 
oestrogens has not been established but this data does show that sexual development was 
compromised in the contaminated site. The impact o f intersex upon successful spawning in 
the survey area is unknown, but a pilot study of perch fertilisation success showed relatively 
low levels o f embryo presence in MSC eggs when compared to Salford Quays.
The fate o f the River Irwell and upper Manchester Ship Canal coarse fishery is unclear, since 
despite fast growth rates, a lack of habitat diversity, poor water quality and disrupted sexual 
development will inhibit recruitment. Further research into juvenile feeding and survival rates, 
fish movements and the impact o f intersex upon spawning success are recommended if an 
understanding o f the recruitment mechanisms o f urban fisheries is to be reached.
Elsewhere in the UK continued improvements in water quality may have led to changes in 
fish community structure and productivity. However further reductions in the trophic status of 
the Mersey catchment are unlikely since conurbations and the physical nature of the MSC 
dominate the lower catchment. Future fisheries management of the waterway should 
concentrate upon sustainable water quality management and the rehabilitation and 
exploitation o f available habitats, including those stretches of the original River Irwell channel 
that still exist.
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1. INTRODUCTION
1.1 Background
The Industrial Revolution, subsequent population growth and expansion of urban areas relied 
heavily upon water resources for both industrial abstraction and effluent disposal. By the early 
nineteenth century, cholera and typhoid were common, and salmon had disappeared from the 
River Thames and Mersey (Hynes 1971). Unfortunately conditions had to become worse 
before action and improvement was perceived as necessary. By the mid nineteenth century 
many rivers in the industrial areas of Great Britain had become fishless (Corbet 1907, 
Edwards et al. 1984, Holland and Harding 1984). These conditions were addressed by a series 
o f Acts of Parliament, and sewage treatment was undertaken. However effluent treatment 
failed to keep up with population growth, urbanisation and industrial development. 
Consequently most rivers associated with large urban areas, such as the Thames, Trent, Aire 
and Mersey were still found to be fishless by the 1950’s (Pentelow 1955). In more recent 
years, recolonisation by coarse fish has been observed in numerous British waterways (Lester 
1975) due to an improvement in water quality, which itself has been attributed to (MAFF 
2000):
• Investment in new and improved sewage treatment.
• Improvement in the quality of industrial effluent.
• Industrial decline.
Continued investment in effluent treatment and a reduction in storm sewage overflows have 
produced further improvements in water quality, despite growing domestic demand for water.
Although water quality has improved, the Environment Agency recognises that there is often 
a lack of natural river habitat due to the historical modification of watercourses (EA 2000). 
Typically lowland rivers are straightened, deepened and widened, whilst the river corridor is 
narrowed by encroaching urbanisation. River modification has been carried out in the past to 
enable flow to be controlled for navigation, reservoir storage, and flood control. This results 
in a reduction in flow diversity, which combined with habitat loss and poor water quality all 
contribute to environmental degradation (Boet et al. 1999). Rivers associated with urban areas 
are dominated by limnophilous species such as roach, and species diversity is reduced 
(Whitton and Lucas 1997). —
The angling community has raised concerns over coarse fish catch declines in English 
waterways over the last decade. The River Trent is one such river, which had consistently 
produced ‘good sport’ during the 1970’s and 80’s (Cowx and Broughton 1986). Anglers 
suspected that the decline in catches was due to the effects of improved sewage treatment, 
which reduced nutrient imputs and the loss of thermal effluents associated with power 
stations. However the decline in angling catches may have been due to a change in fish 
species composition (Cowx 1991), since the population of roach and dace had shifted to a 
chub and bream based community. This change was attributed to improving water quality, 
whereby a decline in roach catches resulted in a perceived deterioration in the overall quality 
of the fishery.
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A similar pattern was revealed in a review of angling catches on the River Severn, between 
1975 and 1986 (North and Hickley 1989). The authors found that angling success (percentage 
o f anglers who caught fish) was variable but had shown no obvious changes in the long term. 
A steep decline was recorded in the mid-1980’s, but this was followed by a subsequent 
increase. The fluctuation was closely associated with the abundance of roach in catches. An 
overall increase in catch per unit effort (CPUE) was also recorded in the upper reaches o f the 
River. This was associated with an increase in the barbel population and decline o f dace. As 
with the Trent, changes in angling catches were due to changes in the species composition of 
the fish community. Nevertheless concern continues to exist within the angling community 
that catches are falling (NFA 1999), despite reports of catch return increases in a range of UK 
rivers over the last two decades (Robinson et al. 2001).
A reduction in the trophic status of a watercourse due to improved sewage treatment may 
produce both a qualitative change in the community structure of a fishery (Perrson et al. 1991) 
and a quantitative change in the productivity o f specific populations. Changes in community 
structure have been described in both the Trent and Severn, but current concern over the 
decline of coarse fish stocks have culminated in what the NFA has described as the 
catastrophic collapse in angling catches on the River Trent. During the 1997/1998 National 
Angling Championship 28 % of anglers failed to catch and a further 23 % caught a single fish 
(NFA 1999). The 1999 NFA championships scheduled to be held on the River Whitham, 
which traditionally has a match waiting-list o f up to three years, was cancelled as angling 
catches on this river also failed (NFA 1999). Changes in fishery community structures does 
not explain the current decline in angling success on the River Trent (see Section 1.3). 
Community changes in relation to changing water quality were reported in the Trent over a 
decade ago and angling techniques and experience are sufficiently developed to target a wide 
range o f species.
The Environment Agency’s National Coarse Fisheries Centre assessed historical angling 
match catches for 10 lowland rivers in the UK and concluded that riverine fish stocks were 
not in decline (Robinson et al. 2001). A long-term increase in the yearly average of match 
CPUE was recorded for all of these rivers, of which 7 were statistically significant. The 
percentage o f competing anglers catching fish varied between 59 % on the River Tees to 90 % 
on the River Trent and showed a general trend towards improvement in catch success. It was 
recognised that CPUE variation between years is very high and cannot be explained just in 
terms of fish stocks. Such short term trends have been ascribed to circumstances specific to 
individual rivers such as disease or the installation of barriers to movement and natural 
changes in fish stocks or strong year classes (Axford 1991). However the overall trend for 
increased CPUE was cited by Robinson et al. (2001) as evidence that the status o f fish 
populations in UK rivers are not generally in decline. Possible reasons given for the 
improving catch success observed on UK rivers were:
1. Improved angler equipment and changes in anglers techniques.
2. The removal o f poor pegs from angling matches as contestant numbers fall.
3. More fish.
4. Changes in coarse fish community structure.
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The first two points should be regarded as sampling errors, which reduce the comparability of 
data over long periods of time. Various techniques are thought to be particularly significant in 
improving angler success, these include the use o f poles, ‘invisible’ fishing line and the 
development o f a wide range of highly engineered equipment (F. Lithgow, NFA, Pers. 
Comm). Therefore increased catches may not be consistent with a real improvement in fish 
stocks.
Angling contest results also demonstrate a general reduction in fishing effort in major UK 
match rivers. This decline is evident in both the overall number of competitors and the 
number of matches reported (Robinson et al. 2001), and is consistent with a decline in club 
membership of over 30 % between 1993 and 1998. It has been suggested that this decline 
reflects an increasing preference for still water fishing (NRA 1995) where intensive stocking 
ensures good catches. It has been suggested that still water fishing on heavily stocked waters 
has raised the expectations of angler catch to unnaturally high levels, and this may be partly 
responsible for a perceived decline in river fisheries by anglers (Robinson et al. 2001).
The view that fish stocks are improving has been given little credence by angling clubs who 
consider that fish stocks are in decline (NFA 1999). The NFA (1999) surveyed all member 
clubs with a questionnaire to determine the perceived status o f UK River fisheries. The first 
question asked o f angling clubs was how their river fishery today compares to ten years ago? 
16 % of respondents reported an improvement in fishery performance and 78 % a decline, of 
which 79 % were considered to be very much worse.
The angling clubs suggested a variety o f reasons for these changes in fishery performance 
(Table 1.1). Although a wide range of possible factors was named, factors are often linked and 
may address similar issues. For instance low water, low flow and abstraction are each listed 
independently but may reflect similar circumstances and outcomes.
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Table 1.1 Causes given by angling clubs for the decline of their river fishery. The 
totals do not equal 100, but are those presented by the NFA and it is 
assumed that this reflects more than one factor being implicated by 
respondents (NFA 1999)
Cause Percentage
Cormorants 64
Clear water 36
Lack of small fish 32
Eutrophication 19
Low water 17
Low flow 14
Pollution 13
Abstraction 13
Floods 9
Mink 9
Water quality 6
Cold water Influx 6
Bank clearance 6
Agriculture 3
Boat traffic 3
Diminished food chain 2
TOTAL 252
The impact o f predation by cormorants upon both coarse and salmonid fisheries has recently 
come under much scrutiny in response to concerns expressed by the angling community 
(Wernham et al. 1999) and this factor was the most commonly named cause of declining 
riverine fish stocks. The report found that cormorant impacts were highly variable both 
between and within watercourses. Impacts were considered to be most significant in still 
waters (Feltham et al. 1999) where the potentially more destructive flock feeding behaviour is 
observed. Nevertheless Feltham et al. (1999) found that the high levels of predation observed 
at some sites had no detectable impact upon angling performance and that significant impacts 
would be most likely at specific fisheries, where productivity is already reduced due to other 
environmental factors.
The wide range causes named by the angling clubs reflect the circumstances of individual 
rivers. Changes in the trophic status of rivers were not considered to be significant by the 
majority o f fishing clubs, although the NFA (1999) suggested that a reduction in the trophic 
status o f rivers may result in an overall decline in fish production and hence numbers. Two 
causes of fishery deterioration named by NFA angling clubs that could be implicated in 
reduced primary productivity were ‘diminished food chain’ and ‘clear water’. A combination 
of low food availability and degraded habitat are likely to reduce overall recruitment levels 
and 32 % of respondents named a ‘lack of small fish’ (e.g. fry). Low spawning success and 
fry survival rates will result in poor recruitment to the adult population and the majority of
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factors named in the NFA survey (Table 1.1) may cause this. An additional environmental 
factor not named by angling clubs but likely to effect overall productivity by reducing 
population density is the impact of exogenous oestrogens and their mimics upon the 
reproductive development of fish (NFA 1999, EA 2000b). Oestrogenic disruption has been 
implicated in the development of intersex in male fish (Rodgers-Gray et al. 2000) and this 
condition is considered to be widespread in lowland rivers in the UK. The impact o f intersex 
upon spawning success in the wild is not known but may also play a significant role in 
determining fish population dynamics.
1.2 Aim
The principle aim of this study was to investigate the ecology of an urban watercourse 
recovering from pollution, but still subject to a variety of man-made constraints. O f particular 
interest was whether developing urban fisheries are sustainable in the light o f NFA reports of 
declining coarse fish populations and the quality o f the urban freshwater environment. Three 
factors were o f particular interest to this study:
1. The relationship between organic pollution, water quality and the productivity of 
coarse fish populations.
2. The impact o f water quality upon coarse fish distribution and in particular its ability to 
present barriers to fish movement and exclude fish from specific habitats such as 
foraging and spawning areas.
3. The sexual development and incidence of intersex in urban coarse fish populations, 
and the possible impact of this condition upon reproductive success.
In order to pursue these aims a literature review was undertaken into those factors which 
effect coarse fish population dynamics. O f particular interest was the effect of water quality 
upon the distribution, productivity, and movement o f coarse fish. In addition the impact of 
oestrogen disrupters upon coarse fish populations was reviewed.
An additional significant factor in determining the overall sustainability of lowland urban 
fisheries is low habitat availability and diversity (Boet et al. 1999, EA 2000a,). Habitat 
availability was not directly addressed in the aims of this research and as such its impact upon 
coarse fish distribution was not reviewed. However the role this factor plays in shaping coarse 
fish populations was considered in later discussions and interpretations of results.
1.3 Coarse fish distribution
Current coarse fish distribution and productivity is subject to both natural and anthropological 
constraints. Physical parameters such as gradient and water quality (Huet 1959, Hawkes 
1975), trophic status (Persson et al. 1991), habitat complexity (Crowder and Cooper 1982, 
Winfield 1986) and biotic interaction (Lammens et al. 1992) all interact to influence the 
distribution, composition and productivity of fish communities.
The habitat preference o f the most common British coarse fish species is given below 
(Maitland and Campbell 1992).
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Habitat Species
Lakes, slow flowing rivers Pike (Esox lucius L.)
and canals. Carp (Cyprinus carpio L.)
Tench (Tinea tinea)
Common bream (Abramis brama L.) 
Roach {Rutilus rutilus L.)
Perch {Perea fluviatilis L.)
Rudd {Seardinius erythrophthalmus L.)
Middle and lower reaches o f rivers Chub {Leuciseus eephalus L.)
and some lakes.
Rivers and streams Dace {Leueiseus leuciseus L.)
Clear stony lakes, rivers and streams. Minnow {Phoxinus phoxinus L.)
Rich, sandy rivers, some lakes Gudgeon {Gobio gobio L.)
and canals.
Naturally fishless areas result from barriers to colonisation (e.g. above upland waterfalls), 
anoxia (e.g. marshland) and lethal toxicity (e.g. acidic waters associated with upland 
catchments and areas containing significant amounts o f exposed iron pyrites).
Fish utilise the majority of aquatic habitats and the trophic levels within them. Littoral zones, 
macrophytes and substrate diversity provide important habitats for breeding, feeding and 
refuge behaviour. Although predator presence will influence habitat choice, feeding behaviour 
and overall activity (Turner and Mittelbach 1990), habitat diversity may reduce predation by 
decreasing encounter rates between individuals and by providing efficient prey refuges 
(Crowder and Cooper 1982).
Competition for food and optimal feeding behaviour leads to a wide degree of resource 
partitioning (Jachner 1991, Perrson and Greenberg 1990), which means that:
• Different species will occupy different habitats (Moyle and Baltz 1985).
• Different developmental stages will occupy different habitats (Garner 1997).
•  Adults will move between habitats to optimise feeding and lifecycle success (Clough 
and Ladle 1997, L ’Abee-lund and Vgfllestaad 1985 + 1987).
Huet (1959) used physical parameters to propose what is now the most widely used river zone 
classification scheme. He identified 4 fish fauna zones, named after cardinal species, and 
associated with stream gradient. These zones are based upon the longitudinal profiles o f a 
number of European rivers, and from headwater downstream to estuary, are:
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1. Trout (Salmo trutta) Zone. Cool, steep, fast flowing, well-oxygenated brooks and 
streams. The substrate will mainly consist of rocks, boulders and pebbles, with some 
gravel and sand.
2. Grayling (Thymallus thymallus) zone. Associated with larger rivers and streams. Flow 
is still fast and the water well oxygenated. Pools are interspersed between riffles. The 
substrate will be mixed but mainly comprise gravel.
3. Barbel {Barbus barbus) zone. Moderate current with increasing depth and areas of 
slack flow. Banks may be alternately erosional and depositional.
4. Bream (,Abramis brama) zone. Quiet lowland waters, including canals. Flow is slow 
and summer temperatures will be high and DO levels low. Waters will be turbid and 
deep. The substrate will be dominated by fine silt sediment.
Zones 1 and 2 represent upper, cool salmonid waters, and the lower zones, warm cyprinid 
areas. If  we consider gradient and current then zones 1, 2 and 3 also represent rheophilic 
species waters and the lower zone limnophilic ones. Additional factors that should be 
considered include bio-geographical region and individual stream morphology. Huet defines 
the relative abundance of four types o f coarse fish assemblages, which are found in the 
grayling, barbel and bream zones:
1. Running water cyprinids. Barbel, chub and hotu (Chondostoma nasus).
2. Accompanying cyprinids. Roach, rudd and dace.
3. Still water cyprinids. Carp, tench and bream.
4. Accompanying predators. Pike, perch and eel (Anguilla anguilla).
It is essential that any classification system takes anthropogenic disruption into account (O’ 
Hara et al. 1977, Cowx 1988, Lucas et al. 1998). In addition to organic and other effluents, 
abstraction, drainage, irrigation and canalisation disrupt flow regimes and impact directly 
upon the ecological functioning of a water body. Agricultural practice, urbanisation and 
deforestation within the catchment area can also produce diffuse source pollutants. The impact 
o f pollutants will depend upon the nature of the receiving waterway and the relative zone 
upon which it acts. This is because successive zones differ physically and the associated biota 
will express different levels of tolerance. Organic effluent entering a slow flowing, lowland 
system will reduce DO levels through its biochemical oxygen demand (BOD). However fast 
flowing, turbulent waters have a high degree of reaeration and will be able to maintain oxygen 
concentration and hence meet the BOD to a greater degree. River and zone classifications, if  
clearly defined and ecologically valid, can then prove to be useful to water management 
(Hawkes 1975).
Boet et al. (1999) describes the impact of urbanisation upon the Seine River Basin, France. 
Particular effects include:
• The local extinction of migratory species such as salmon and sea lamprey.
•  The arrival of locally exotic species, such as barbel and pikeperch, via canals.
• A decrease in rheophilic species and overall low species diversity.
• Loss o f habitat and flow diversity through the isolation of backwaters, meanders and 
floodplains, which disrupts the lifecycle of specialised species.
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• Frequent fish kills associated with intermittent poor water quality episodes.
The authors note that urban runoff and combined sewage overflows produce sudden discharge 
peaks and flash floods. This environmental instability results in a variable fish community of 
high mobility. During low dissolved oxygen events fish aggregate in oxygenated zones below 
weirs and at the confluence of tributaries. Boet et al. (1999) suggest that the role of such 
natural and artificial areas in maintaining long-term fish populations has been underestimated 
in marginal ecosystems, since they provide refuges which allow recolonisation after fish kills. 
The patchiness o f fish distribution has also been recorded on the River Thames by horizontal 
SONAR surveys (Duncan and Kubecka 1996, Hughes and Willis 2000). These surveys 
demonstrate spatially variable, but temporally stable, fish density. Patches of high density 
were associated with a thermal outfall, a sewage outfall, the emergence of mayfly and 
confluence of a tributary. Areas o f low density were most often associated with urbanisation 
and bank modifications that remove bankside vegetation and reduce the width of the river 
corridor.
1.4 Fish Productivity
Fish production can be defined as
‘the total elaboration offish  flesh in a given time regardless o f  its ultimate fa te and whether it 
survives to the end o f  that tim e’ (Le Cren 1972)
The inter-relationship between production and other components of the trophic system which 
fish occupy is complex (Figure 1.1). As can be seen, factors influencing production will be 
both biotic and abiotic. Abiotic factors include year to year temperature variation (Kipling and 
Frost 1970, Diamond 1985a), light regime and water quality. Indeed, the effects of 
fertilisation upon fish production is well known to fish managers and has been successfully 
exploited (Templeton 1995, Stockner and Macisaac 1996). The basis of production is the 
growth rate o f individuals and their pattern of growth will maximise the number o f offspring 
produced in a lifetime. Reproductive success will be a function of growth, reproduction 
strategy and survival of individual fish.
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F ig u re  1.1 F a c to rs  effec ting  co arse  fish  p o p u la tio n  dynam ics. E n e rg y  lo st to  th e  system  
is id en tif ied  b y  th e  ob lique  d ash ed  lines to  J  (F ro m  L e  C re n  1972)
R&D TECHNICAL REPORT W2-030/TR 9
1.4.1 Temperature
The relative summer temperature of upland and lowland waters is important in facilitating 
successful fish reproduction and recruitment. Under pollution-free conditions the most 
important influence of temperature is during the spring and summer. Suitable spring 
temperature allows successful spawning and high summer temperatures improve juvenile 
growth. Together, these two factors can result in good recruitment of young to the breeding 
population (Diamond 1985a). Conversely upland waters may not reach sufficiently high 
spring temperatures to allow rheophilic cyprinids, such as chub, to spawn (Huet 1959).
Magnuson et al. (1979) review laboratory and field studies of temperature preference in North 
American freshwater fish. They describe three temperate fish guilds based upon water 
temperature preference: cold, cool and warm. The summer preference of cold water species 
(10 °C summer temperature niche, range 8-18 °C), such as salmonids, is clearly distinct from 
cool (summer temperature range 18-28 °C) and warm (summer temperature range 24-34 °C) 
temperature guilds, which show a high degree of overlap. Cyprinids were represented in all 
three guilds, but were predominantly warm water species. It is suggested that response to 
temperature is similar to that seen for more traditional resources, such as food, and successful 
competition for thermal niches may help maximise growth.
Fish in temperate waters generally grow slowly during the winter and rapidly in spring and 
summer (Bagenal and Tesch 1978). Vollestad and L ’Abee-Lund (1990) compared 
reproductive effort and growth in various populations in Norway. They found that northerly 
lakes produced the poorest growth rates. In addition, there was a strong correlation between 
fecundity and length, whereby the lowest growth rate produced the lowest fecundity, body 
weight and gonadosomatic index, but the highest individual egg weight. Fish in these northern 
climes grew slowly but lived a long time. Reproductive effort was relatively low, but spread 
out over many years since good summer growth and recruitment conditions could not be 
relied upon.
Tolerance o f fish to high temperatures and sudden temperature changes are species- and 
developmental-stage dependent (Alabaster and Lloyd 1982). Early developmental stages are 
particularly sensitive since organ development can exceed growth rate at high temperatures. 
For instance, work with roach found that hatch rates were reduced at temperatures above 20 
°C and abnormalities occurred above 16 °C (Alabaster and Lloyd 1982). Nevertheless, 
populations of adult and juvenile roach have been found in thermally heated power station 
effluents (Baclciel 1971, Cragg-Hine 1971), although their growth rates are not always 
demonstrably faster than populations in cooler waters.
Temperature controls rate of food consumption and metabolism (Wootton 1990). Changes in 
metabolism may effect the growth efficiency of fish at any particular rate o f food 
consumption. However changes in temperature may not be seasonal and individuals may seek 
out warm water to increase growth rate (Garner et al. 1998).
1.4.2 Trophic status
Eutrophication is a natural process, which results from the build up and breakdown of organic 
material in all freshwater habitats. This process leads to the enrichment o f water with 
nutrients, particularly phosphates and nitrates. As such it is intrinsically associated with the
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natural processes of succession, which can eventually lead to the infilling of still waters and 
formation of terrestrial environments. The eutrophication of rivers is often unrecognised since 
the flow of riverine systems ensures that organic material is constantly being removed 
downstream. Thus riverine eutrophication is often only acknowledged when a lake or 
important fishery is downstream. Nevertheless as rivers enter lowland areas with low 
gradients, flow rates decrease and deposition of organic material occurs.
Harper (1992) notes that the effects of eutrophication and organic pollution are very similar 
and both increase organic biomass, organic detrital input to the benthos and bacterial activity, 
thereby increasing the BOD and reducing dissolved oxygen levels.
Under natural conditions, algal populations will develop in a basic seasonal pattern of spring 
diatoms followed by summer green algae and late summer blue-green algae (Tilman et al. 
1986). This successional pattern occurs at low or normal nitrate and phosphate concentrations 
and ratios, in response to physical (e.g. temperature, mixing depth), chemical (e.g. changing 
nutrient ratios over the growth season) and biotic (e.g. grazing) factors (Reynolds 1984). 
However nutrient levels are one of the most important factors in determining species presence 
(Kilham and Hecky 1988) and increasing the concentration of limiting nutrients will elevate 
phytoplankton biomass. The ability of sewage inputs to influence these patterns is evident if 
we consider that sewage treatment specifically breaks down organic matter into easily 
assimilated nutrients (Harper 1992).
Protozoa, rotifers and planktonic crustaceans feed upon algae, bacteria and detritus and as 
such are indirectly dependent upon nutrient levels. In oligo and mesotrophic lakes calanoid 
copepods often dominate as they can feed efficiently upon low densities of bacteria and algae. 
As food density increases due to eutrophication, large bodied cladocera, such as Daphnia spp., 
may dominate if grazing fish populations are not too high. If grazing pressure is high then 
smaller species such as Bosmina will thrive (McNaught 1975).
Macroinvertebrates, which inhabit the littoral and profundal substrate, are termed the 
zoobenthos. The littoral zone provides an area for macrophyte growth and a relatively high 
number of niches for invertebrates. For instance a study of Lake Esrom found 300 species of 
invertebrates dominated by molluscs and insect larvae in the littoral zone, whilst the profundal 
zone provided only 20 species dominated by oligochaetes and Chironomids (Home and 
Goldman 1994). A rain o f particulate organic matter sustains profundal species, including 
filterfeeders such as the bivalves, and collectors such as the crustacea Asellus. A particularly 
high biomass of Asellus and molluscs is also common at intermediate depths associated with 
the thermocline during stratification. This is due to the accumulation of fresh detritus.
Increasing eutrophication will initially increase the abundance of all taxa groups, and 
especially oligochaetes, bivalves and Asellus (Saether 1980). As enrichment progresses the 
proportion of oligochaetes increases and changes will occur in the relative abundance of 
dominant chironomid species. If eutrophication results in a fall in dissolved oxygen levels, 
then the numbers of oxygen sensitive species will decline. Harper (1986) reviewed the taxa 
lists o f various Scottish lakes on a trophic gradient. He found that taxon numbers fell from 61 
to 33 species as eutrophication increased. Typical species lost included stone fly, may fly and 
caddis fly larvae from the littoral zone. Nevertheless the overall biomass of the shorelines 
were comparable, although the profundal biomass increased with eutrophication by 
approximately 50 %.
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The level o f primary and secondary production in a water body will determine the quantity 
and nutritional quality o f food available to fish (Gascon and Legget 1977, Brown 1975). The 
quantity and quality of food ingested by fish will influence growth rates and total fish 
biomass. Food items selected will often depend on individual life cycle stage. In particular the 
fish’s mouth gape size is important in determining the size o f food selected (Michel and 
Oberdorff 1995). For instance, perch are predatory and feed primarily on zooplankton, 
Chironomids, larger crustacea and fish. These food items increase in size and the selection of 
food particle size increases as the fish grows and its handling ability improves. Michel and 
Oberdorff (1995) describe roach as a highly adaptive omnivore, exploiting whatever resources 
are available. Diet can consist of plants, molluscs, zooplankton and aquatic insects, and unlike 
other species, roach can live exclusively on any one of these food items. Increased 
consumption of vegetation and decreasing animal consumption occurs with increasing age.
Salmonids dominate in unproductive lakes, percids in moderately productive lakes and 
cyprinids in highly productive systems (Persson et a l  1991). The mechanisms behind these 
differences are not clearly understood, but changes in water transparency, structural 
complexity and food availability will affect competitive interactions between species. For 
example the eutrophication of Swiss lakes such as the Zurichsee, due to agricultural and 
sewage inputs, has led to a change in fish communities. As dissolved oxygen (DO) levels fell 
and nutrient levels rose, coregonid species were replaced by cyprinids, perch and pike, and 
trout became locally extinct (Hasler 1947). A survey o f 25 New Zealand lakes of varying 
trophic status found that total fish catch was positively related to the nutrient level (Jeppesen 
et al. 1994). However trout catch per unit effort was negatively correlated to total 
phosphorous and nitrogen concentrations.
Kempe (1962) reviews the use of fertilisers upon aquaculture, but finds few recorded 
examples o f increased fish growth rate. Nevertheless, the author noted that primary 
productivity increased soon after fertilisation and some workers have speculated that fast fish 
growth is associated with a parallel increase in bottom fauna. A recent example o f a 
successful fertilisation program is provided by the Canadian Department of Fisheries and 
Oceans in response to falling soclceye salmon stocks (Stockner and Macisaac 1996). This 
program undertook the treatment of sockeye salmon nursery lakes with nitrogen and 
phosphorous nutrients over twenty years to replace nutrients that would normally be derived 
from the decomposing adult carcasses of the yearly spawning run. A positive response was 
recorded at all trophic levels, from an increase in bacterial activity and abundance to a 260 % 
increase in zooplankton biomass. Subsequently, fish juvenile growth rate and survival 
increased and smolt weight increased by 60 %.
Urbanisation has also been shown to reduce the diversity of fish communities, but increase the 
growth rate of tolerant species (Stott et al. 1986). Increased urbanisation was found to reduce 
flow rates and canopy cover, but increase BOD, sedimentation, nutrient levels and primary 
productivity in a creek in Washington. Despite these changes in water quality, DO levels were 
maintained around 8-12 mg I"1 and benthic biomass increased by 400 %. The authors ascribed 
increased trout growth rate in this waterway to an increase in food availability in a system, 
which maintained adequate DO levels. Gascon and Legget (1977) recorded increasing fish 
biomass and reduced interspecific competition along a concentration gradient produced by a 
point source nutrient input. The authors also found that eutrophication appeared to reduce 
species diversity. Overall fish biomass may increase, but productivity of sensitive species may 
be reduced (Numann 1973 in Harper 1992).
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1.4.3 Biotic interactions
An increase in species diversity will increase total productivity at the expense of those species 
already present (Le Cren 1972). Both inter- and intra-specific social interactions may be 
classified as beneficial or competitive and will subsequently modify growth rates. 
Competition will result in an unequal dispensation of resources and will modify foraging 
behaviour (Persson 1983a). The presence of predators will reduce foraging, as vigilant 
behaviour is increased (Bean and Winfield 1995). Cowx (1988) found that best growth rate in 
the River Exe catchment, SW England, for various species occurred where they dominated. 
Domination was thought to occur where the river provided species with their preferred 
conditions.
Intra-specific competition from successful year classes can inhibit the recruitment success of 
following age groups (Cryer et al. 1986, Wyatt 1988, Townsend and Perrow 1989). In fast 
growing populations sexual maturity can be reached at ages as young as two years. During 
summers of good recruitment, competition from young of the year was found to reduce the 
growth rate and subsequent fecundity of the breeding population (Townsend and Perrow 
1989). This can lead to density-dependent, alternating cycles of good and bad recruitment.
1.5 Water Quality
The discharge of organic matter and nutrients are the most common of pollutants, and their 
main source is domestic sewage (Hellawell 1986, Alabaster and Lloyd 1982). The effects of 
such effluent upon the diversity and abundance of both fish and their prey is brought about by:
1. Water quality deterioration. The most significant impact o f organic pollution is a reduction 
in dissolved oxygen (DO) concentration. Decomposition of organic material will increase 
the BOD of water and subsequently remove dissolved oxygen from the water column. If 
this occurs at a rate faster than the rate at which the watercourse re-oxygenates itself, then 
DO concentration will fall.
2. Modification o f substrate. Deposition of suspended solids (SS) will coat the substrate, 
reducing the number of niches available to species. In addition macrophytes and epiphytic 
algae will be smothered.
3. Addition of nutrients. Those fish, such as roach, capable of withstanding the poor water 
quality conditions associated with an increase in nutrient levels may benefit from an 
increase in primary production as more food is made available.
A wide range of water quality criteria can effect coarse fish dynamics. Alabaster (1959) 
identifies the most significant to be dissolved oxygen, unionised ammonia, suspended solids, 
temperature, pH and toxic substances (e.g. metals, PCBs).
All of these factors can be associated with sewage effluent. However, given the possibility of 
a common source, the consideration of their effects in isolation is misleading. Coarse fish 
such as roach will tolerate raw sewage as long as an appropriate oxygen supply is maintained 
(Allan et al. 1958, Alabaster 1959, White and Williams 1978). Clarke and Fraser (1983) 
studied the survival and growth of various species in tap water and effluents, in continuous 
flow tests. Trout in tap water and 50% sewage remained in good condition, fed well, 
responded to stimuli and swam actively. In 100% effluent fin rot developed and fish became
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emaciated. Survival was highest in 100% effluent for roach, then minnow and finally trout. 
Trout growth was repressed in 100 % effluent, but cumulative growth of roach increased as 
fish fed on sewage fungus. Low roach growth rates were observed in February only, and were 
associated with low temperatures. Ascending tolerance in species to settled filter bed effluent 
was:
stone loach < bullhead < rainbow trout < three spined stickleback < minnow < roach
Mean production rate in 50 % and 100 % effluent was reduced for all species except roach. 
Mortality rates were also high. However roach production increased by 480 and 720 % in 
diluted and pure effluent, and no significant mortalities were observed.
Temporal and spatial variation in water quality will effect the resistance o f fish and toxicity of 
chemicals. Natural factors, which modify chemical toxicity, include (Lloyd 1992):
Temperature. Influences metabolic rate and therefore rate of response
to toxic concentrations.
Affects ionisation of some substances.
Dissolved oxygen. Reduced DO increases toxicity.
PH
Hardness 
Humic acid 
Chloride 
Suspended solids
Controls chemical speciation (e.g. Aluminium) and 
degree of ionisation (e.g. Ammonia).
Reduces the toxicity o f divalent heavy metals.
Forms low toxicity complexes with some metals.
Reduces toxicity of nitrite.
Adsorbs some chemicals.
Solbe (1973) failed to catch any fish down stream of polluting discharges associated with 
opencast mines on Willow Brook, a tributary of the River Nene (UK). Zinc was found to be 
the predominant and most persistent poison contributing to water toxicity. In addition, high 
concentrations of ammonia and phenol were also found in the upper catchment. Roach 
consistently dominated in the upper and mid reaches o f the waterway and grew well, with 
little variation throughout the system. However growth was reduced in the more polluted 
waters and decreased markedly with age at the upper reaches o f the catchment. In addition, 
adenocarcinoma o f the thyroid was diagnosed in fish taken from the most polluted lake in the 
catchment. Diversity increased progressively downstream as predicted toxicity decreased. 
Three spined sticklebacks were the most tolerant and stone loach the least. Other intolerant 
species were dace, chub and minnow. Barriers to movement (e.g. weirs) disrupted distribution 
and recolonisation after pollution incidents must have come from upstream. The removal of 
toxic substances from Willow Brook was thought to involve a variety of processes including 
dilution, oxidation, precipitation, and the complexing of metals to organic material.
1.5.1 Dissolved Oxygen
Good mixed coarse fish communities are found in inland waters with DO levels below 4-5 mg 
I' 1 (Alabaster 1972). Data from the river Trent between 1969 and 1970 suggests that coarse
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fisheries can be maintained in DO conditions where the median and 5-percentile levels are 
greater than 3.7 and 2.1 mg I"1. However these figures may be site-specific and should not be 
taken as guidelines for other fisheries, since they do not sufficiently take into account the 
effects of other, unmeasured factors (Alabaster 1972).
Lethal effects
The sensitivity of all coarse fish species to low DO will depend on environmental factors such 
as temperature and the presence of toxins (Alabaster 1972). For instance, deficient DO 
concentration produces an increase in the rate and amplitude at which fish pump water over 
their gills. This will increase the degree of exposure to any toxins present. Sudden increases in 
dissolved CO2 concentration will also reduce tolerance to low DO levels. In this way, 
previously tolerable DO levels can become rapidly fatal. Fish are at their most susceptible to 
low DO upon hatching, and their tolerance generally increases as they mature. Mature fish can 
usually survive in conditions around 3 mg/1, although exposure to lower levels for 
approximately a day would be sufficient to produce acute respiratory stress (Alabaster 1972, 
Svobodova et al. 1993). The ability o f an adult to withstand low DO levels will also depend 
on temperature and acclimatisation. The length of time required for fish to acclimate to low 
DO levels increases with decreasing temperature, so that acclimation may not occur at low 
temperatures. Anoxic conditions can occur in small ice covered lakes in winter and during 
warm, dry periods of low flow in running waters. In both cases fish kills are possible.
Sub lethal effects
Low DO levels can retard embryonic development and growth, reduce size of hatchlings and 
delay hatching (Alabaster 1972). Coarse fish can produce viable hatchlings at DO levels 
below 2 mg/1, although bream and pike require concentrations above 4 to 5 mg I"1. There is 
some evidence that larval development may be reduced at low DO, although effects are more 
significant during juvenile growth. At this stage low DO reduces food consumption and 
subsequent growth rate. For instance, common carp require a minimum DO level of 3 mg I"1 at 
21° C to maintain maximum feeding, growth and assimilation efficiency.
Maximum sustainable swimming speeds are reduced with falling DO levels, and fatigue even 
at lower speeds becomes more likely. Nevertheless activity generally increases upon initially 
falling DO levels, followed by a decrease in activity. This may have the indirect effect of 
allowing avoidance o f areas of low DO. Stott and Cross (1973) demonstrated avoidance by 
roach of DO concentrations o f 1 mg I'1, which increased with increasing CO2 levels, but was 
reduced by overnight acclimatisation in an environment containing 3 mg O2 1'1.
1.5.2 Ammonia
The most common sources of ammonia in freshwater is sewage effluent, silage and manure 
(Alabaster 1982). Ammonia production may also occur through the reduction of nitrates at 
low DO levels and from the build up of excretory products in water bodies with high retention 
rates e.g. ponds. The toxicity of ammonia is dependent upon the concentration of unionised 
ammonia (NH3) present in solution. The relationship between ionised ammonium (NH44) and 
unionised ammonia is influenced by temperature and pH, and is expressed as (Hellawell 
1986):
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NH4+ + 0 H ' o N H 3 + H20
An increase in pH will result in an increase in the toxicity of the ammonia solution as the 
fraction o f unionised ammonia increases. Increasing the temperature of the water also brings 
about a similar shift in the equilibrium.
Mortality due to ammonia poisoning results from damage to the gill epithelium. However fish 
are more often exposed to sub-lethal levels which will produce a range o f chronic effects, 
including general tissue, skin, kidney and liver damage. The toxicity of ammonia and degree 
of tolerance varies between species. The threshold LC50 levels (concentration that kills 50% 
of exposed individuals) for coarse fish over 2-4 days is similar to that of salmonids for 24 
hours. Therefore exposure to short periods of ammonia may kill salmonids but not coarse fish. 
A period of acclimation will allow fish to tolerate increasing concentrations of ammonia.
Field observations of fish kills in carp ponds have shown that mortality occurs at 
approximately 0.5 mg I' 1 of un-ionised ammonia at DO levels around 6 mg I'1 (Alabaster 
1982). However at DO levels of 2 mg I"1, lethal ammonia levels of 0.2 mg I"1 were recorded. 
This agrees with laboratory studies carried out by Merkens and Downing (1957) which found 
that reduced DO increases the toxicity of ammonia. In addition they found that resistance to 
low DO concentrations was unaffected by low levels of ammonia with roach and perch, but 
resistance of rainbow trout was reduced significantly. Alabaster and Lloyd (1982) suggest that 
under natural conditions, acute ammonia toxicity occurs at between 0.2 and 2 mg NH31'1, with 
carp showing the most resistance and trout the least. A maximum criterion of 10% of the 
threshold LC50 is suggested to maintain a fishery.
1.5.3 Suspended solids
Under natural conditions, suspended solids (SS) are created through the erosion of substrates 
over which a river flows. These materials are carried down stream, until flow velocity cannot 
maintain their carriage, at which point they will be deposited as sediment. The degree of 
erosion, carriage and deposition will depend on the size and composition of the particles, and 
the velocity and turbulence of the waterway. High SS levels will affect coarse fish in at least 
four ways:
• Direct action upon the adult, through gill abrasion.
• Prevention of egg and larval development
• Modification of movement and migration
• Modification of the riverbed, leading to changes in food type and abundance.
In addition, the organic nature o f sewage derived SS increases BOD and can result in a 
significant oxygen sag downstream of its source. Inert SS may derive from quarries, building 
sites and mines, and include clays, soils and coal dust. Alabaster and Lloyd (1982) state that 
there is probably no clearly defined concentration o f inert SS above which fisheries are 
harmed, although EC Fisheries directives recommend that concentrations should be below 25 
mg I' 1 for both cyprinid and salmonid fish.
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1.5.4 pH
The natural pH of freshwater ranges from 3.5 (moorland streams) to 8 (chalk streams) and 
will depend on the water’s buffering capacity, and the photosynthetic activity of the flora 
(Hellawell 1982). Changes in pH can also result from anthropogenic activities leading to, for 
example acid deposition and acid mine drainage.
The non-lethal pH range for fish is between 5 and 9. Fish mortalities will occur at a pH value 
below 5 and above 9, although some species can acclimatise to extreme levels. In addition, the 
toxicity of a variety of pollutants increases with decreasing (e.g. many trace metals including 
copper and aluminium) and increasing (e.g. ammonia) pH.
1.6 Fish activity
Historically, reviews o f fish movement concentrate on salmonid spawning migrations 
(McKeown 1984, Smith 1991) and little attention has been paid to coarse fish movement. An 
early review of fish movement was made by Gerking (1958) who counted fifteen freshwater 
species known to home (exclusive of those that cross a salinity barrier). A home range was 
defined as an area over which an animal normally travels. Stott et al. (1963) drew attention to 
early reports of transplanted perch in Lake Windermere returning to their original source, and 
displaced perch, bream and roach returning to preferred parts o f a 500 ft. channel after 
disturbance (Alabaster pers. comm, to Stott et al. 1963). To further investigate the homing 
ability of coarse fish, Stott displaced 1022 gudgeon (Gobio gobio) in the River Mole, Surrey. 
O f the 192 fish recaptured, 56 % were stationed in their original sections of the river, having 
shown both up and downstream homing. Non-homing fish were thought to have had no home 
range in the first place. This conclusion was based on Stott’s (1961) observation that within a 
fish population, approximately 20 % o f individuals were without home ranges and were free 
moving. Free movers would allow dissemination o f a population and the quick repopulating 
of habitats rendered fishless by such phenomena as drought (Gerking 1958). Return to a home 
range in which an individual has invested in territorial defence, parental care and acquisition 
of local knowledge may be desirable upon accidental displacement. This would account for 
homing abilities in species that are not migratory (Smith 1991).
However extensive fisheries data from Anglian rivers between 1978 and 1985 suggest that 
home ranges do not play an important role in cyprinid population dynamics (Linfield 1985). 
Linfield analysed length class distribution o f dace and roach at a number of river sites and 
report on the loss of individuals to estuaries, and the inability o f stocked fish to establish 
themselves in the areas to which they were introduced. It was found that mature fish tend to 
move upstream and that juveniles are displaced downstream from upstream spawning sites to 
areas of slower flow. Similar patterns of movement have been demonstrated for chub and 
barbel (Lucas et al. 1998). Results were interpreted to indicate that cyprinid communities exist 
as mobile populations influenced primarily by river flow conditions and behavioural 
responses to flow and temperature. Fish activity may allow an individual to maintain its place 
in the river but periods o f rest will result in a drift down stream.
Coarse fish may move from one place to another for a variety of reasons (Wootton 1990, 
Smith 1991):
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• Juveniles may undertake diel movements to and from habitats offering optimal food 
resources and refuges from predation (Gliwicz and Jachner 1992).
• Adults migrate to spawn in habitats suitable for embryo and larval development 
(Lucas et al. 2000).
• Juveniles and adults may migrate to summer feeding grounds and deep waters to over­
winter.
1.6.1 Diel movement
Patterns o f diel movement are associated with diel activity patterns and optimal feeding 
behaviour (Wootton 1990). Three basic patterns of activity are discernible. Species may be 
diurnal (daytime activity), nocturnal (night-time activity) or crepuscular (dawn and dusk 
activity). The amount o f movement and distances covered during these periods of activity will 
depend on the species, its stage of development and its environmental circumstance. For 
instance juvenile patterns of activity may reflect a trade-off between feeding and predator 
avoidance (Gliwicz and Jachner 1992). Gliwicz and Jachner (1992) demonstrated such 
patterns in Lake Ros, Poland, where smelt (Osmerus eperlanus), roach and perch juveniles 
migrated to the epilimnion at dusk. All species fed in the epilimnion during the night, but 
smelt moved to deeper water and, roach and perch moved to the littoral zone at dawn. These 
migrations may be in response to increased predatory pressure during the day or to the 
migration o f the zooplankton upon which they were feeding. However the absence of 
predators and stability of the zooplankton population led the authors to suggest that this 
juvenile behaviour could be non-adaptive and genetically controlled. Daytime movement into 
shallow, warm littoral zones may also provide energetic advantages and decrease food 
passage time through the gut (Gamer et al. 1998).
Wootton (1990) suggests that temperate species show a greater flexibility within the diel cycle 
in response to the unpredictability of their abiotic environment. Flexibility of diel activity was 
demonstrated in lake chub (Couesius plumbeus) in a temperate stream (Reeb et al. 1995). 
Capture o f fish in baited traps showed that lake chub were most active at dawn and dusk, but 
that this activity would extend into the day given sufficient food cues. Conversely roach and 
perch patterns o f movement associated with a fish pass in the South West of France showed a 
maximum activity in the mid afternoon (Travade et al. 1998).
Advances in radio tracking technology and, in particular tag design have recently allowed the 
application o f this technique to studies of coarse fish movement (Beaumont et al. 1996). 
Tracking of individual dace (Leuciscus leuciscus) in the river Frome, Dorset was undertaken 
between 1992 and 1995 (Clough and Ladle 1997, Clough and Beaumont, in Press). Clough 
and Ladle (1997) tracked the diel movement of three individual dace, over a total of 51 days 
in early summer. They found that individuals utilised clearly defined day and night time 
habitats, with regular movement between the two occurring at dawn and dusk. Subsequent 
visual observations showed that the tagged fish took up similar stations in the same small 
areas each day. This was interpreted as a response to differential habitat suitability relative to 
light intensity, and was attributed to a trade off between feeding and predator avoidance 
suitability. A more long term study of dace movement in this river was carried out over two 
years (Clough and Beaumont, in press) which demonstrated that adoption o f a home range 
was temporary, and followed by relocation to alternative sites often several kilometres away. 
This behaviour was thought to be more consistent with a cyprinid population not dependent 
upon home ranges, as proposed by Linfield (1985)
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Such use of clearly defined home ranges was not found in a tracking study of roach movement 
undertaken in the River Spree, Germany (Baade and Fredrich 1998). This study followed a 
total of 39 fish, in six tracking events from March 1994 to June 1995. Roach diel activity was 
closely linked to light intensity, with upstream movement occurring in the daytime and 
downstream movement in the night. However activity patterns showed a great deal of 
variation and individuals habitually covered large distances ranging between 75 and 3820 m 
(mean distances covered 1006 m), suggesting that the original home range size suggested by 
Stott (1961) of 200 m was an underestimate. This was attributed to his original methodology 
of capture-recapture, which would disregard diel habitat shift and underestimate individual 
mobility. The proposition of a fish population made up of home-bound and homeless 
wanderers may also prove inaccurate given the high degree of variability in movement and 
activity demonstrated.
1.6.2 Migratory movements
Migration can be defined as ‘'those movements that result in an alternation between two or 
more separate habitats, occur with a regular periodicity and involve a large proportion o f  the 
population’ (Wootton 1990). A range of cyprinid spawning migration strategies occur, and 
can include the crossing o f the salinity barrier. Cycles of migration are necessary to arrive at 
known suitable spawning, feeding and over-wintering sites (Figure 1.2). Wootton (1990) 
suggests a model of migration that assumes that the balance of benefits and costs associated 
with remaining at a particular locality changes dramatically at different stages in the life cycle. 
Therefore individual fish can maximise their fitness by moving between spawning, feeding 
and refuge sites at the appropriate stages of their life cycle.
Specific spawning migrations have been reported for various riverine cyprinids including 
roach (L’Abee-lund and VMlestaad 1985, Baade and Fredrich 1998, Lucas et al. 2000), lake 
chub (Montgomery et al. 1983, Reeb et al. 1995) and barbel (Barbus barbus) (Baras 1995, 
Lucas and Frear 1997).
L ’Abee-lund and V0llestaad (1985 + 1987) reported two distinct roach migrations in Lake 
Arungen, Norway. Passive tagging of fish demonstrated the utilisation of a specific tributary 
as a spawning and feeding habitat. The spawning migration occurred in spring with fish 
tagged in the tributary one year, returning with 90% precision to the same tributary the next 
year. Fish descended the tributary within 2 to 5 days o f ascending. During late June and July a 
second wave of migrants entered the tributary. These fish were larger than the spring migrants 
since water velocity had increased in the tributary and presumably acted as a barrier to smaller 
fish. Comparative weight analysis demonstrated that roach fed more profitably in the 
tributary, which offered an improved diet less reliant on detritus and macrovegetation. In 
addition the tributary was thought to offer better refuges for predator avoidance.
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Figure 1.2 Generalised patterns of migration between the three basic habitats utilised 
by fish (Wootton 1990)
1.6.3 Barriers to movement
The degree to which coarse fish migrate is unclear. Distances travelled may not be as far as 
those associated with salmonids, but riverine migrations in temperate latitudes are evident, 
and any fish which undertakes a migration will be vulnerable to habitat alteration (Mills 1991, 
Smith 1991). Structures such as weirs, dams, canals and locks may all act as obstructions to 
movement (Axford 1991, Lucas and Frear 1997, Lucas 2000).
Barbel in the River Nidd travel up to 20 km upstream to preferred spawning grounds. A radio 
tracking study of 23 fish found that less than half those attempting to pass a weir were 
successful (Lucas and Frear 1997). Individuals approached the weir at dawn and dusk, but 
only attempted passage at night.
A study of lowland canals in Germany suggested that canals have a restricted importance as 
routes for migrating fish (Wolter and Vilcinslcas 1998). This was based on the capture of 
24,666 fish at 88 sampling sites between 1993 and 1995. Low abundance and species 
diversity occurred within canals and rheophilic species were uncommon. Canals could act as 
migratory and colonisation routes but this was not thought to be the case due to their length, 
homogenous habitat and lack of unidirectional water flow. Roach and perch were the most
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abundant species and growth rates between populations at the head and tail of locks showed 
significant growth differences, suggesting that locks will also act as barriers to movement.
The effects o f obstacles, such as weirs, to movement on riverine species may have been 
underestimated (Lucas and Frear 1997, Lucas et al. 2000). If spawning migrations are blocked 
and no suitable spawning or nursery habitats are available downstream, then recruitment may 
be significantly limited. Spatial and temporal patterns of distribution can be disturbed, and 
gene flow patterns altered. Any pollution incidents and fish deaths occurring upstream of 
obstacles may result in fishless areas since recolonisation will be restricted. Such a scenario is 
described by Hawlces (1975), where a 1.5 metre high weir prevented recolonisation of a 
stretch of Wych Brook (a tributary of the River Dee) previously depopulated by pollution.
1.6.4 Water quality as a barrier to movement
Little research has been undertaken on the effects of water quality upon the movement of 
coarse fish. Baade and Fredrich (1998) found no relationship between movement patterns of 
roach and temperature, pH, conductivity or DO. However no indication was given of the 
determinant levels recorded. O ’Hara (1976) reports that roach, perch and dace enter the tidal 
reaches and upper estuary o f the River Dee. Dace were captured at salinities up to 11.2 mg/1. 
It is suggested that they enter the system to feed opportunistically and avoid intolerable 
salinity levels by moving upstream. This kind of opportunistic behaviour will be possible in 
species with high mobility, dispersive ability and an omnivorous diet. Alabaster (1959) found 
that roach entered a dyke carrying raw sewage of approximate BOD 19 mg O2 I'1, but were 
only killed when caught in his traps. Alabaster proposed that, since fish kills did not occur 
naturally, fish moved along the dyke length avoiding areas of low dissolved oxygen as and 
when they occurred. The advantage to roach of living in such an environment would be 
nutritional, and characterised by an abundance of detrital-based macroinvertebrates (Alabaster 
1959)
1.7 Endocrine disruption
Numerous anthropogenic pollutants released into the environment have the potential to disrupt 
the endocrine systems of animals, including humans (Fox 1992). Endocrine disruption by the 
insecticide DDT resulted in thinning of eggshells, mass brood mortality and disruption of 
reproductive behaviour in birds. Exposure o f aquatic molluscs to the anti fouling agent TBT, 
caused females to develop a penis over their ovipositor. Most recently abnormal 
hermaphroditism has been observed in fish exposed to domestic sewage effluents (Jobling et 
al. 1998a).
Bony fish show the most divergent sexual range of all vertebrates (Atz 1964). Species may be 
gonochoristic or hermaphroditic. Hermaphroditism may be normal or abnormal, and normal 
strategies are classified as:
• Synchronous. Individuals function as a male and female at the same time
• Protandrous. Individuals function as a male first and then as a female
• Protogynous. Individuals function as a female and then as a male.
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• Rudimentary. Individuals exhibit non-functional hermaphroditism and sexual function 
is only expressed as a male or female.
Normal hermaphroditism is not ascribed to the cyprinid family. Nevertheless numerous 
examples of ova found in the testes have been recorded (Jafri and Ensor 1979, Toshiyuki 
1933, Bullough 1940, James 1946, Davis and Bortone 1992). Atz (1964) notes that previous 
workers have not agreed on the significance of these phenomena. Some considered it to be 
unimportant, as the fish were not undergoing sex reversal, whilst others have seen this as 
evidence o f functional hermaphroditism. However none of these workers have regarded this 
condition as an environmentally induced pathology.
Bullough (1940) reports on hermaphroditism in minnows taken from Lake Windemere and a 
disused canal in Leeds. The ratio of females to males was found to be 231:183, and the author 
found both testicular and ovarian tissue in the gonads of approximately 6 % of males, all of 
whom were over 4 years old. The degree of intersex varied between individuals. Intersexuality 
ranged from the majority of tissue being given over to oocyte production, to the presence of 
only a few scattered primary oocytes. The oocytes were consistently underdeveloped and 
sometimes showed signs of disintegration. Secondary oocytes were found in only one 
individual and these cells had developed in that portion of the gonad furthest from the 
testicular tissue. Through experimentation the author established that ovarian development 
could be disrupted, and a similar histological pattern reproduced in females, by injecting them 
with male sex hormone. The author concluded that this condition represented a case of 
functional hermaphroditism associated with old age, whereby females were turning into 
males, a particular form o f hemaphroditism previously seen only in some species of 
amphibians.
Atz (1964) considers one report from a shallow lake in the Russian steppes as being 
particularly remarkable. In this case, male incidence in a population of silver crucian carp 
(Carasius auratus gibelio) was as low as 1%. Approximately 0.4 % of fish were 
hermaphrodites, which were thought to be transforming into males. Eggs in hermaphrodites 
were often ripe, but showed degenerative changes in the presence o f testicular tissue. Eggs 
and milt were never ripe in the same individual. Low numbers of males was common in local 
lakes and this had previously lead to hybridization with Carassius carassius. However the 
incidence o f hermaphroditism in this case coincided with the decline o f the later species. This 
led the author to view sexual change as an adaptation to male shortage.
More recently, anglers became aware of hermaphroditic fish in UK sewage treatment work 
lagoons and their presence was confirmed in a subsequent study (Purdom et al. 1994). 
However the nature o f this hermaphroditism was not described and it was noted that the fish 
were stocked at a mature age. As such the authors did not attribute this condition to their 
environment, but rather to their place of origin. Nevertheless, caged trout and carp were held 
in 30 sewage treatment work (STW) effluents, potable water intake points and intermediate 
sites. Additional laboratory tests subjected trout and carp to waters contaminated with 
contraceptive pill constituents. The aim of this work was to investigate the occurrence of 
oestrogenic substances in STW effluents, through the observation of vitellogenin (VTG) 
levels in captive fish.
Estradiol derives from the female ovary and one of its effects, in oviparous vertebrates, is to 
stimulate the liver to produce VTG (le Guellec et al. 1988). VTG is a precursor of egg yolk 
and its synthesis is closely associated with oocyte maturation in adult female fish. However
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the production o f VTG can be induced artificially in males (le Guellec et al. 1988, Sheahan et 
al. 1994). Therefore the presence of VTG in males can be used as an indicator of exogenous 
oestrogen exposure. The workers found that male and female fish placed in STW effluent 
underwent rapid increases in plasma VTG concentrations (also Hansen et al. 1998). As such, 
this work confirms the presence of oestrogenic substances in STW effluents. The authors also 
noted that oestrogenic effects were ‘largely negative’ at abstraction points and potable water 
supplies. Laboratory studies upon the potency of ethynylestradiol (the oral contraceptive) 
found it to be far more effective than the fish’s own natural oestrogens. The authors describe it 
as ‘Amongst the most potent o f  biologically active molecules'. Additional potential oestrogen 
mimics may also be present in effluents. The list of chemicals implicated in hormonal 
disruption and oestrogen mimicry include persistent, bioacumulative organohalogen 
compounds such as pesticides (DDT and its degradational products), industrial surfactants and 
detergents (alkylphenol-polyethoxylates and their degradation products), and some metals 
(cadmium, lead, mercury and organotin compounds)
Further work established that male response to oestrogenically active effluent declines 
progressively downstream of discharges (Harries et el 1996). Thus oestrogenic activity was 
subject to natural dilution, and as such the response was reduced by several orders of 
magnitude. Other factors that may reduce oestrogenic activity include biodegradation, 
absorption onto sediment and reduced temperature.
Watercourses may act as natural sinks of potentially oestrogenic substances (Montagnani et 
al. 1996), receiving effluents from point sources such as STW and combined sewage 
overflows, and diffuse sources such as agricultural runoff. In addition, since 30 % of all UK 
water is recycled, modem water management contributes to the availability of exogenous 
oestrogens and their mimics. Montagnani et al. (1996) found STW effluents and river water 
downstream of sewage works to have a high degree of oestrogenic potential (measured as 
effective 17-oestrodiol binding equivalent concentrations).
Harries et al. (1997) also found that oestrogenic activity varied between and within rivers. 
Four rivers showed biological activity, but this was observed downstream of STW in only two 
waters. In the River Aire, activity remained high throughout the tested range of 5 km. Only 
the River Aire produced results similar to those of raw sewage and this was was thought to be 
due to concentrations of alkylphenol polyethoxylates (APEO’s) associated with wool scouring 
trade waste. Inhibition o f roach testicular growth (measured as GSI) was observed in the River 
Aire, and this was attributed to the action o f nonylphenol, a degradation product of APEO’s. 
Additional pollutants which may contribute to the high activity in the River Aire include 
pesticides (toxaphene, dieldrin and Lindane) and phthalates. Phthalates are widely used in the 
production of plastics, and are one of the most common man-made chemicals in the 
environment. Only one STW, on the River Stour, failed to produce an oestrogenic response 
and the reason for this is unknown.
Despite growing evidence that wild fish were being exposed to exogenous oestrogens, 
significant impacts were considered to be unlikely (Environment Agency 1997, Harries et al. 
1999). However, sexual disruption was reported in wild populations of roach (Jobling et al. 
1998a + 1998b). This involved the histological examination of numerous lowland fish 
populations up and downstream of sewage works in 8 rivers, and at 5 control sites (which 
received no STW effluent). Control sites included two canals and a fish farm. Intersex 
incidence, characterised by the presence of oocytes in male tissue, was found at all sites. 
Incidence ranged from 4 % in control sites to 100 % in the River Nene and River Aire
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downstream of sewage works. The incidence o f intersex at downstream sites ranges from 16 - 
100 %, at upstream sites 11.7 - 4 % and at control sites 4 - 18.1 %. The downstream incidence 
was significantly higher than control sites at 5 rivers, but only one river for upstream sites. It 
is suggested that low levels seen at control sites may represent a natural background level, 
although the impact of unidentified exogenous oestrogens cannot be discounted. Although the 
original sex of intersex fish was not clear and individuals could have been genotypic males or 
females, intersex fish were deemed to be male because:
1. The number of normal males was inversely proportional to intersex individuals.
2. STW effluent is known to be oestrogenic.
The exact identification o f cause and effect in the field is difficult to make, but steroid 
oestrogen hormones and alkylphenols in sewage were thought to be responsible. At most sites, 
a range of year classes were represented and those sites with the highest incidence still had 
large fish populations. This suggests that current fish populations are sustainable, although the 
long-term effect on fish productivity is not known.
1.8 Specific objectives
All research undertaken in the pursuance of the aims described in Section 1.2 were carried out 
in the lower River Irwell and upper Manchester Ship Canal. This stretch o f urban waterway 
was particularly suited to an examination of the influence of water quality on fish community 
composition and dynamics since it sustains a mixed coarse fish community within the 
boundaries o f a hydrologically varied water system subject to poor water quality. Previous 
descriptions have been made of the water quality and macroinvertebrate community of the 
Irwell and MSC. However the fish community and population dynamics of those fish species 
present have not previously been described. Therefore the specific objectives of this research 
were:
1. To investigate the influence of water quality on the invertebrate community and coarse 
fish populations in the lower River Irwell and Upper Manchester Ship Canal (Chapter 
3).
2. To assess the influence of water quality on coarse fish productivity (Chapter 4), 
movement, activity and habitat choice (Chapter 5).
3. To investigate the effect of water quality on the sexual development of coarse fish in the 
lower River Irwell and Upper Manchester Ship Canal (Chapter 6).
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2. THE RIVER IRWELL AND MANCHESTER SHIP CANAL
2.1 Introduction
The River Irwell arises from Rossendale Fell, in the Northwest Pennines just north of the 
village Bacup (Figure 2.1). The river flows south towards Bury and upon reaching the 
Manchester Plain is joined by the River Roche, before meandering south and west through the 
cities of Salford and Manchester to feed the Manchester Ship Canal (MSC). Thus the River 
Irwell constitutes the principal watercourse o f the northern half of the Mersey catchment. 
Bank engineering exists throughout the majority of the river’s length for flood control. 
Canalization of the river begins in Manchester, approximately 3 km upstream of the first lock, 
on the MSC at Mode Wheel.
Prior to the Industrial revolution, the River Irwell was known as a good fishery (Struthers 
1993). A lecture given to the Manchester Anglers Association in 1879, entitled ‘Angling in 
the IrwelF reminisces of ‘the time when fine salmon were caught’, circa 1800 (Corbett 1907). 
The river was described as being gradually choked by gas tar derivatives. Poor water quality 
was further compounded by the canalization of the Lower River Irwell and River Mersey 
between 1885 and 1894, for the construction of the Manchester Ship Canal. The canal allowed 
industrial shipping to bypass the docks of Liverpool and led to the development of Trafford 
Park, the largest industrial estate in Europe (Struthers 1993). The only record of fish in the 
first half of the last century was a single pike caught in the dry docks at Mode Wheel Locks 
(Corbett 1907). However a combination of industrial and domestic effluent associated with 
Manchester meant that the majority of the Mersey catchment was still fishless in the 1950’s 
(Hynes 1971).
Traffic in the MSC peaked in the 1950’s at around 19 million tonnes per year (Rees and White 
1993) but decline soon followed as trading patterns changed, ocean going vessels increased in 
size and road freight containerization increased. The MSC still carries some industrial traffic 
(8 million tones of cargo per year) and additionally plays an important role in the drainage and 
sewerage of the Mersey Catchment (Harper 2000).
In 1984 a 25-year program to improve the condition of watercourses in the Mersey Catchment 
was initiated by the then Department of Environment, called the Mersey Basin Campaign 
(Struthers 1993). The main objectives of this campaign have been to improve water quality so 
that all rivers and streams are clean enough to support life, to stimulate attractive waterside 
developments and to encourage the people living and working in the Mersey Basin to value 
the environment (Mersey Basin Campaign 2000).
In part due to the improvements in water quality, the bankside regeneration of the upper 
reaches of the MSC is well-advanced (Wood et al. 1998). For instance, Salford Quays was 
created by the redevelopment of the Salford Docks in 1986. Water quality improvements in 
the Quays were principally brought about by the isolation of the docks from the MSC, the 
installation of an aeration system, the linking of individual dock basins and rerouting of 
surface water drainage (Walker et al. 1993). Improvements in water quality were such that the 
Quays were stocked during the 1990’s and a successful urban coarse fishery was created 
(Hendry et al. 1994). However a study of the River Irwell, Irk, Medlock and MSC in 1990 
showed that water quality conditions in these watercourses were still grossly polluted 
(Aquatic Pollution and Environmental Management, APEM 1990).
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Figure 2.1 River Mersey catchment, showing the River Irwell, Manchester Ship Canal and associated conurbations
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A  gradual im provem ent in the w ater quality o f  the R iver Irw ell can be seen from  recent w ater 
quality (Figure 2.2) and m acroinvertebrate (Figure 2.3) records kept by the Environm ent 
Agency. M ean annual BO D levels have fallen from  as high as 11.5 m g O21"1 in 1987 to as 
low as 3.6 in 2000, although total am m onia levels appear to have been m aintained at around 
the 4 m g N  I '1. The 95 % -ile BO D levels are variable, giving an indication o f  the frequency o f 
episodic organic pollution events (Figure 2.2). Concurrent m ean annual BM W P scores 
recorded by the Environm ent A gency have increased from  around 10 to 20 and 30 for the 
R iver Irw ell at Salford and further upstream  at Bury respectively. These changes in BM W P 
scores are due to increased invertebrate diversity, w ith 8 and 16 new taxa being recorded in 
the R iver Irw ell at Salford and Bury since 1992 (Environm ent A gency N orth W est Region, 
Public R egister and Environm ental Inform ation Request). This im provem ent in the w ater 
quality o f  the R iver Irw ell has been ascribed to industrial decline, im provem ents in sewage 
treatm ent and investm ent in com bined sew er overflows by  N orth W est W ater (H arper 2000). 
H ow ever despite decreasing overall BOD levels and increasing invertebrate diversity, this 
stretch o f  w aterw ay was still classified under the chem ical General Quality A ssessm ent 
schem e as ‘po o r’ (Environm ent A gency 1997) and therefore likely to lim it coarse fish 
populations.
F ig u re  2.2 Y ea rly  m ean  an d  95 % -ile  B iochem ical O xygen  D em an d  (m g O21'1), and  
m ean  to ta l a m m o n ia  (m g N  I"1) levels fo r  th e  R iv e r  Irw ell a t  S a lfo rd  
U n iversity  (1986-2001 , E n v iro n m e n t A gency  N o rth  W est R egion)
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F ig u re  2.3 B iological M o n ito rin g  W o rk in g  P a r ty  scores (3 -y ear ru n n in g  average) fo r 
th e  R iv e r  Irw ell a t  S a lfo rd  an d  B u ry  (1987 -1 9 9 9  E n v iro n m e n t A gency  
d a ta )
H arper (2000) reports that historically high concentrations o f  organic suspended solids have 
also been in decline and the contribution o f  inorganic m aterials in SS has increased m arkedly 
over the last 10 years (from  approxim ately 50%  during the 1970’s and 1980’s to over 80 %  in 
the 1990’s). Episodic deterioration o f  w ater quality has been ascribed to storm  events, which 
re-suspend pollutants in the sedim ent and flush raw  sewage into the river from  com bined 
sew er overflow s (Rees and W hite 1993). H eavy flow  results in a ‘first flush’ o f  pollution, 
w hich m ay be follow ed by a further delayed im pact in the M SC w here new ly introduced 
m aterial is deposited in the Turning Basin where it degrades. Records kept by A PEM  Ltd. for 
the M anchester Ship Canal Turning Basin since 1990 clearly dem onstrate the im pact o f 
episodic pollution, as peaks in BOD (Figure 2.4). To counteract the im pact o f  these pollution 
events an oxygenation pilo t schem e was undertaken in the M SC  during the sum m er o f  1998. 
This involved the injection o f  approxim ately 90-kg per hour o f  liquid oxygen into the northern 
m ost com er o f  the Turning Basin from  July to October. The aim  was to assess the degree and 
distribution o f  DO elevation, and therefore the efficacy o f  this practice as a tool for w ater 
quality m anagem ent (A PEM  2000b).
D uring the developm ent o f  Salford Q uays, sticklebacks and a stunted population o f  roach 
w ere identified in the M SC  (H endry 1991). H ow ever in recent years further re-colonization o f 
the w aterw ay by fish has occurred. This is reflected in a grow th in angling in both the U pper 
M SC  and Low er R iver Irwell. M ixed coarse fish catches including roach, perch, dace, chub 
and bream  have been reported in the A ngling Times (D ecem ber 1998) and O rdsall A ngling 
Club acquired fishing rights to a stretch o f  the R iver Irw ell in M anchester C ity center. It is 
unclear where these fish have arrived from, although the Environm ent A gency has undertaken 
num erous stocking exercises in the M ersey Catchm ent since 1993 (Environm ent A gency 
N orth W est Region, F isheries Departm ent).
R&D TECHNICAL REPORT W2-030/TR 28
F ig u re  2.4 M o n th ly  su rface  w a te r  BO D  (m g O21"1) levels in  the  M SC  T u rn in g  B asin  
fro m  1990 to 2000 (A P E M a)
2 .2  S t u d y  a r e a
The study area encom passes two stretches o f  the w aterw ay.
1. From  Salford U niversity to M ode W heel Locks (Figure 2.5). This 8.5 km  stretch covers 
six sam pling zones (zones 1-6), w hich correspond to changing flow  and depth 
conditions. Each zone contains a w ater quality and m acro invertebrate m onitoring site 
(sites 1-6), except for zone 6 w hich has tw o w ater quality m onitoring sites num bered 6.1 
and 6.2. The stretch o f  river betw een zones 3 and 4 (dow nstream  o f  N ew  Bridge Street 
to B lackfriars Bridge) lies in an inaccessible culvert beneath M anchester and was not 
sampled. Zone 6 is adjacent to the isolated Salford Quays, from  w hich fish were taken 
for com parative purposes in studies o f  fish feeding preference and grow th (Chapters 4), 
and intersex incidence (C hapter 5).
2. From  Barton L ock to Irlam  Lock (Figure 2.6). This stretch o f  M SC is situated 
approxim ately 8 km  dow nstream  o f  M ode W heel Locks and encom passes three 
sam pling sites in zone 7 (Sites 7.1 to 7.3).
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Figure 2.5 Lower River Irwell and Upper MSC, from Salford University to Mode 
Wheel Lock, showing sampling sites 1 to 6 (•)
Figure 2.6 Manchester Ship Canal from Barton Locks to Irlam Locks, showing 
sampling sites 7.1 to 7.3 (•)
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This stretch of the River Irwell runs adjacent to the University of Salford, upstream of 
Adelphi weir (Figure 2.7). Depth varies between 1 and 2-m, and flow is turbulent. Heavy 
bankside vegetation is dominated by himalayan balsam and large stands of submerged 
macrophytes grow in the summer. A narrow littoral zone exists on the left-hand bank, which 
constitutes the inside of a large bend. The outside of this bend is deeply cut by a high cliff. 
The Environment Agency water quality monitoring site is situated within this zone 
(immediately above Adelphi Weir) and the EA invertebrate monitoring site is located 
immediately upstream.
Zone 1 Salford University (0.7 km)
Figure 2.7 Zone 1, River Irwell, looking downstream from sampling site 1 on the 
Salford University footbridge
Zone 2. Adelphi Weir (0.4 km).
This stretch of the River Irwell runs from Adelphi Weir to Adelphi footbridge (Figure 2.8). 
The weir height around lm  is likely to pose a significant barrier to coarse fish movement. The 
weir pool dominates the site and depth varies between 1 to 2 m. The channel is approximately 
30m wide and a glide, whose flow may become chaotic during high flow conditions, exists 
downstream of the weir pool. There is a narrow littoral zone supporting reeds on the right 
hand bank where sediment has deposited. Submerged macrophytes grow along the edges of 
both banks. A path exists on the left-hand bank and the weir pool is popular with local 
anglers.
Zone 3. Salford (1.5 km).
This stretch of the River Irwell runs from Adelphi Footbridge to New Bridge Street in Salford 
(Figure 2.9). This stretch of river includes a road and footbridge. The river flows within a
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shallow concrete channel approximately 20 m wide and between 1 and 2 m deep. The river is 
characterised by runs and glides, which can become chaotic during high flow conditions. 
Some vegetation grows on the right hand bank where sediment has built up.
Figure 2.8 Zone 2, River Irwell, looking upstream to Adelphi weir from sampling site 2 
on the Adelphi Footbridge
Figure 2.9 Zone 3. River Irwell, looking upstream from sampling site 3 on Whitchurch 
Street Footbridge
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This stretch of the River Irwell runs from Cathedral Steps to Woden Street Footbridge (Figure 
2.10). Upon entering zone 4, river flows within a deep culvert beneath part of Manchester 
City centre where the River Irk joins. Flow is less turbulent and depth increases rapidly as the 
river progresses downstream. Depth varies between 2 and 4m and the river is approximately 
20 m wide. No bankside vegetation exists, although some submerged macrophytes grow in 
the summer along the margins. The River Medlock enters at the end of zone 4, about 100m 
downstream of Woden Basin, a small dock on the left-hand bank. The end of this zone marks 
the lower limit of the River Irwell and start of the MSC.
Zone 4. Manchester City centre (1.7 km).
Figure 2.10 Zone 4. River Irwell, looking upstream from Blackfriars Bridge 
Zone 5. Manchester Ship Canal (1.6 km).
This zone starts at the upper limit of the MSC, at Woden Street Footbridge, and runs 
downstream to Trafford Road Bridge (Figure 2.11). The original site of the Pomona Docks is 
situated on the left-hand bank, but all the docks have been filled in except one. This dock has 
a newly constructed lock at its end connecting to the Bridgewater Canal. No bankside 
vegetation exists along this stretch, although the low flow rate allows cladophora to grow on 
the canal walls. Annual dredging of the central channel maintains a depth of 6m downstream 
of Pomona Docks, although the water is approximately 3m deep along the left-hand margin 
and upstream of Pomona. The right hand edge of the canal is less than one-metre deep, but 
shelves rapidly. The inside left bank of the MSC, as it bends to meet the Turning Basin, has a 
broad mud bank, which is sometimes exposed during periods of low flow.
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it-
Figure 2.11 Zone 5, Manchester Ship Canal, looking downstream from sampling site 5 
on the left-hand bank, immediately downstream of Pomona Docks
Zone 6. Turning Basin (1.8 km).
This stretch of the MSC runs from Trafford Road Bridge to Mode Wheel Locks and is 
dominated, in its upper half, by the Turning Basin (Figure 2.12). The Turning Basin measures 
approximately 100 m at its widest point and originally served as an entrance to Manchester 
Docks. The Docks were isolated from the MSC Turning Basin with small dams (bunds) in 
1987/9 and renamed Salford Quays. Salford Quays and the Turning Basin were connected by 
a single lock, which has been used on only a few occasions per a year. Depth in the Turning 
Basin varies from between 3 to 8 m. The deepest water is found in the navigation channel, 
which is dredged annually, and runs adjacent to the left-hand bank. Flow rates are not 
discernible but the Turning Basin is subject to strong westerly winds, which blow along its 
length. Very little vegetation exists in the Turning Basin, although some submerged 
macrophytes grow during the summer in the relatively shallow waters of the Salford Quays 
bunds and cladophora grows on the canal walls.
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Figure 2.12 Zone 6, Manchester Ship Canal, looking at the Turning Basin from the 
right hand bank, adjacent to Salford Quays
Zone 7. Between Barton and Irlam Locks.
This stretch of the MSC runs for approximately 2 miles and is essentially a featureless 
channel, 30 m wide and 7 m deep, which includes two backwaters created by the original 
channel of the River Irwell (Figure 2.5). The waterway receives effluent from Daveyhulme 
Sewage Treatment Works (STW) immediately downstream of Barton Lock. The three 
sampling sites are placed immediately downstream of Daveyhulme STW (Barton Site) 1 km 
down stream of Barton Lock at the Irlam ferry jetty (Ferry Site) and 100 m upstream of Irlam 
Lock (Irlam Site).
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3. THE ECOLOGICAL CONDITION OF THE RIVER IRWELL 
AND MANCHESTER SHIP CANAL
3.1 Introduction
Various aspects of the River Irwell and MSC ecology have been studied over the last ten years 
including water quality (Rees and White 1993, Boult and Hendry 1995) and 
macroinvertebrate distribution (Litton 1996). The Environment Agency carry out routine 
macroinvertebrate and water quality monitoring within the survey area on the River Irwell at 
Salford and on the MSC at Irlam Lock (EA 2000a). In addition, APEM Ltd. have monitored 
the water quality and macroinvertebrate community of the MSC Turning Basin since 1989 
(APEM 2000a).
The Lower River Irwell and upper MSC represents a water system recovering from a legacy 
of chronic historical pollution. This waterway shows several similarities to other urban 
waterways, such as the River Mersey (Holland and Harding 1984) and Rhine (Friedrich and 
Muller 1984), both of which were described as fishless, from the turn of the nineteenth 
century in the case of the Mersey, and from the 1920’s for the Rhine. In both cases a reduction 
in effluent discharges has led to the establishment of coarse fisheries dominated by roach, and 
a detrital based invertebrate community. However the status of the lower River Irwell and 
Upper MSC fish community has not been assessed and the aim of this chapter is to sample 
and describe the fish and macroinvertebrate communities, and concurrent environmental 
factors which help determine them.
3.2 Specific objectives
In order to assess fish community structure in the River Irwell and MSC, and those 
environmental factors, which influence it from 1998 to 2000, several objectives must be met, 
namely:
1. To measure water quality parameters associated with the survey area.
2. To describe community structure throughout the survey area.
3. To assess the relationship between water quality and macroinvertebrate and fish 
community structure and diversity.
3.3 Method
3.3.1 Water quality monitoring
Water quality was primarily assessed during the course of this study by dissolved oxygen 
(DO) concentration. This measure is appropriate since DO levels provide an effective 
indication of the overall impact of organic pollution in slow flowing water bodies. Dissolved 
oxygen is also a limiting factor to fish and prolonged levels below 4 mg O2 1"1 are considered
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to be detrimental to coarse fish (National Rivers Authority 1994b). Additional water quality 
parameters, which are reported throughout this study, have been monitored by APEM Ltd. 
(1998-2000 in the MSC Turning Basin, zone 6) and the Environment Agency (1998-2000 in 
MSC at Irlam Lock, zone 7: 1998-2000 in the River Irwell at Salford, zone 1).
DO concentration and temperature were recorded at one-metre depth-intervals through the 
water column, using a WTW OXI 597 oxygen meter. Where possible, DO profiles were taken 
at the deepest points of the waterway by sampling from bridges. However this was not 
possible in zones 5 and 6, where measurements were taken from the canal bank. Throughout 
1998 DO readings were taken weekly in zones 1 to 5. APEM Ltd. recorded DO at two 
separate sites in the Turning Basin (Zone 6, sites 6.1 and 6.2) throughout the two years of this 
study, as part of a monitoring program for Salford Quays. Site 6.1 is situated on the northern 
edge of the Turning Basin and site 6.2 is situated at the end of an open dock at the upstream 
end of the basin. DO levels in the Turning Basin were measured weekly from November to 
April and twice weekly from May to October. From 1999 onwards DO levels were only 
measured in the Turning Basin (sites 6.1 and 6.2), since time resource allocation did not allow 
the full monitoring of the survey area.
Additional water quality data for the Turning Basin, collected by APEM, includes 
biochemical oxygen demand (BOD) and concentration of suspended solids, ionised and 
unionised ammonia, total phosphorus and total nitrogen at the top and bottom of the water 
column (For further details see APEM 1998, 1999 and 2000a).
3.3.2 Macroinvertebrate monitoring
Sampling of the benthic macroinvertebrate community was undertaken using a colonisation 
sampler as recommended by the Standardised Methods for Sampling Macroinvertebrates in 
Lowland Waters (Department of Environment 1983). Samplers were made up of 14 pieces of 
the plastic biological sewage filter medium, ‘Actifil 50’. Three samplers were weighted with 
bricks to the bottom of the waterway at each sampling site. The colonisers were then 
retrieved, emptied of invertebrates and replaced monthly (Department of Environment 1983). 
Samples for each of the colonisers within a site were pooled and taken back to the laboratory 
for preservation in 90 % alcohol prior to analysis.
Since this method of sampling is biased to benthic species and those attracted to the 
colonising medium, the macroinvertebrate community was also sampled from a boat with 
sediment grabs and wall scrapes in zones 5 and 6 (Manchester Ship Canal). Grabs and scrapes 
were taken from zone 5 at the mouth of Pomona Dock and from zone 6 from the northern 
edge of the Turning Basin. Samples were not taken further upstream than zone 5, since the 
boat could not navigate beyond zone 4 and the substrate upstream was too coarse for efficient 
grab action.
Grab samples were taken quarterly using an Elcman Grab. Each sample consisted of three 
replicates, from which sediments were washed out in the laboratory and organisms pooled 
prior to preservation and analysis. Scrape samples were taken with a standard FBA sampling 
net, which was used to remove all material from a 25-cm strip of canal wall to a depth of one- 
metre. Scrapes were dominated by cladophora during the summer months and each sample 
consisted of three scrapes, which were pooled and preserved prior to analysis.
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The analysis of all macroinvertebrate coloniser samples was carried out in the laboratory and 
was undertaken in two stages.
All macroinvertebrates except Asellus aquaticus in coloniser samples and oligochaetes in grab 
samples were removed from each sample, identified to at least family level and counted.
A direct count of both Asellus numbers in coloniser samples and oligochaetes in grab samples 
was not possible due to their high abundance. Therefore estimates of these species numbers 
were based upon counts from three sub-samples. Each sample was dewatered and laid out on 
a grid, allowing the removal of sub samples to a known proportion. Sub sample size varied 
between samples, but always made up between 10 to 15 % of overall dewatered sample 
volume. Care was taken to ensure that all samples were thoroughly mixed prior to the removal 
of the sub-samples.
The densities of species sampled by the standard colonisers are given in units of coloniser
volume, since they are three-dimensional structures. Each sampler provides an approximate
colonising volume of 1.8 litres and invertebrate densities are reported in 10 litre units.
Samples taken by the Ekman Grab are also three-dimensional, but the depth of sediment
_2
sampled is variable and the subsequent invertebrate densities are reported as numbers m of
substrate bottom. Wall scrapes sample the surface area of the canal and dock walls, and the
-2subsequent densities are reported as numbers m of wall. The total number of taxa m each 
sample provided an assessment of species richness. Biological Monitoring Working Party 
(BMWP) scores and Average Score Per Taxa (ASPT) were used to assess macroinvertebrate 
samples in relation to water quality. Loss of colonisers was found to be a problem at some 
sites. This was thought to be primarily due to public interference, although the removal of 
samplers during prolonged periods of strong flow may have also occurred. The colonisers 
were most often lost from sites 3, 4 and 7.3, and this resulted in the loss of 20 20 and 24 % of 
monthly samples from these sites respectively. The most consistent sampling was maintained 
at site 6, for which 96 % of monthly samples were retrieved. However since sampling success 
showed some degree of variability between sites, temporal trends in BMWP scores (Figure 
3.6) and Asellus density (Figure 3.7) have been reported as 3 month running averages.
Similarities in the fauna of coloniser sampling sites were assessed using a Bray Curtis 
similarity dendrogram and Multiple Dimension Scaling, calculated by PRIMER software 
(produced by Plymouth Marine Laboratory, UK). Initial attempts to analyse the 
macroinvertebrate data were hampered by the marked numerical dominance of Asellus and 
identification of occasional infrequent species. Therefore all species that occurred only once 
were removed from the macroinvertebrate data sets prior to a 4th root transformation of 
species density.
3.3.3 Coarse fish sampling
To obtain qualitative and quantitative data on a fish population in large lowland waters is 
difficult and requires an integrated approach, incorporating a variety of sampling methods. 
Sampling methods should maximize the number of fish seen without providing sampling bias 
towards particular age classes and species. Four methods were used to capture and enumerate 
fish in this study: angling, electric fishing, netting and SONAR.
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The choice of sampling techniques in specific zones was dependent upon the physical 
characteristics of the waterway (Table 3.1). Angling was possible throughout the survey area 
and local anglers provided catch data and fish samples for zones 2, 3 and 4. Angling was also 
possible in the MSC (Zones 5 and 6), but was not popular with local fisherman. Indeed 
angling was the only practical method of sampling in the upper reaches of the survey area 
(Zones 1, 2 and 3). Seine netting was not undertaken since the survey area did not include any 
stable beaches suitable to land nets. The depth and still nature of the Turning Basin and MSC 
made it more suitable for fyke and gill netting, and SONAR surveys. Fyke nets were not laid 
any further upstream than the lower reaches of zone 4, since flow rates prohibited successful 
net laying, snagging was thought likely and it was feared that nets left for any length of time 
would be susceptible to interference from the public.
Table 3.1 Fish sampling and monitoring methods used throughout the survey area
Zone Method Comments
1 Angling Only two angling trips were made and no fish were 
caught. No local anglers were observed fishing in this 
zone.
Angling
Angling
Angling 
Electric fishing 
Fyke Netting
Electric fishing 
Fyke Netting 
Mobile 
SONAR
horizontal
Several angling trips were undertaken and the pool 
beneath Adelphi Weir was popular with local anglers.
Only two angling trips were made, which produced 
poor catches, but local anglers were found to fish the 
stretch occasionally.
Several angling trips undertaken, local anglers fished 
the stretch regularly and Ordsall Angling Club held 
angling matches.
Electric fishing undertaken in Woden Basin.
Fyke nets set in main river channel.
Electric fishing undertaken in margins.
Fyke nets set in margins.
Monthly SONAR surveys undertaken from March 
1998 to March 2000
Electric fishing 
Fyke Netting 
Gill Netting 
Mobile 
SONAR 
Stationary 
SONAR
Electric fishing undertaken in margins.
Fyke nets set in margins.
Gill nets set monthly during SONAR surveys, 
horizontal Monthly SONAR surveys undertaken from March 
1998 to March 2000. 
horizontal Several stationary SONAR surveys were undertaken at 
the mouth of the Turning Basin.
Gill netting 
Vertical SONAR
Set at Barton and Irlam Lock sites
Two vertical SONAR surveys were undertaken
between Barton and Irlam Locks
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SONAR methods are described in Chapter 4, where the results of monthly hydroacoustic 
surveys are reported.
Angling
A one-month study of catch returns based on bank-side interviews with anglers was 
undertaken in February and March 1998, on the River Irwell (zone 4). The aim of this study 
was to determine the suitability of angling returns and catch per unit effort (CPUE) data as a 
possible tool for investigating fish abundance and monthly variation. Sampling days were 
random weekdays. Nine trips to the river revealed great variation between the number of 
anglers present and their angling success on any given day (Table 3.2). The overall mean 
CPUE was 280 g man'1 hr'1 (SD + 488), but the high degree of variation between individual 
angling catches and the number of anglers present on the river bank meant that catch return 
data could only be used qualitatively.
Table 3.2 Fishing activity on the River Irwell during a one-month creel census
undertaken from February to March 1998. The catch was made up of 145 
roach and 3 perch
Visit No. of rods
Total time 
(Hrs)
No. fish 
caught
Total weight 
(g)
CPUE 
(g h r1)
1 7 15.25 16 1744 114
2 1 2.5 4 113 45
3 0 0 0 0 0
4 1 3.2 4 57 18
5 0 0 0 0 0
6 0 0 0 0 0
7 0 0 0 0 0
8 2 6.3 3 992 157
9 6 26.75 148 28492 1065
Total 17 54 Mean
(+SD)
280
(+ 442)
Subsequently 15 logbooks were distributed to Ordsall Angling Club. However the number of 
anglers visiting the River Irwell rapidly fell as the year progressed, in response to low catches 
and the logbooks were not returned. Ordsall Angling Club also held four angling matches on 
the River Irwell (Zone 4) in the autumn of 1998 and 1999. Fish were only caught during two 
of these matches, with the winning catches weighing 679 g (1 lb. 8 oz) and 1166 g (2-lb. 9 
oz). The overall CPUE for the two matches was 70 and 49 g man'1 hr"1, and catches were 
dominated by roach and perch with a single bream and dace also caught.
Electric fishing
Electric fishing can be a particularly efficient method of sampling fish in shallow water. 
Sampling was carried out quarterly from an electric fishing boom boat. Arrays of anodes, in a 
chandelier structure, were suspended from the stem of the boat on two extended arms and the 
cathodes were attached to the hull. Shallow areas that were accessible to the boom boat were
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only found in the MSC along the bunds that separate the Turning Basin and Salford Quays 
(zone 6), the right-hand bank of the MSC at Pomona (zone 5) and within the small dock at 
Woden Basin (zone 4). Shallows areas to be sampled were isolated by a single stop net and 
electric fished until all fish were caught. The River Irwell in zones 2 and 3 could not be 
accessed safely with the boom boat since the watercourse was too shallow, the flow relatively 
fast, and the riverbed uneven and rocky.
Netting
Fyke nets were laid along the edge of the waterway downstream of the city center. Six lm 
diameter fylce nets were laid individually, perpendicular to the shoreline, such that the 5 m 
long leader would direct fish swimming along the bankside into the fyke. Nets were laid 
overnight, at approximately 16.00 hours and retrieved at 10.00 hours the following day. 
Initially nets were to be laid on a monthly basis, but this sampling regime was abandoned due 
to disruption from variable flow conditions and boat traffic at specific sites. Subsequently the 
fylce nets were used primarily as a qualitative sampling method.
A 50 m, multi-mesh gill net was also laid in the Turning Basin for one hour during the 
monthly SONAR surveys undertaken in 1999. The gill net comprised of 10, 5m long net 
panels of mesh sizes. The aim of this netting was to compliment the SONAR data by 
providing measurements of species composition and a concurrent measure of relative fish 
abundance in the Turning Basin.
3.3.4 Fish analysis
Over 1300 fish were recorded during the study and each was individually numbered according 
to the date of capture. Individual fork lengths and weights were measured for all fish caught 
throughout the study period. Coarse fish in temperate climates have slow winter growth, short 
spawning seasons and rapid summer and autumn growth. Since sampling ran over two 
consecutive years (1998-2000) fish data was divided into two sampling periods running from 
May 1998 to April 1999 and from May 1999 to April 2000. The start and finish of these 
sampling years corresponds to a nominal ‘birthday’ for coarse fish of May 1st (Mann 1973), 
which was also assumed to be the approximate date of spawning, and onset of summer 
growth.
Fish age throughout the thesis is described numerically whereby a new age class (young of 
year) in its first year of growth is termed 0+ and in its second year as 1+. The growth pattern 
of coarse fish results in individual year classes growing up as cohorts within limited size 
ranges, producing nodes in length frequency histograms that correspond to specific year 
classes. Length frequency histograms were produced for roach, based upon estimated 
backdated lengths on the May 1st 1998 and 1999. Backdated lengths were used to allow the 
pooling of fish lengths measured throughout the year and were based upon an analysis of 
length and scale structure. The rationale behind scale analysis is described in Chapter 4 where 
it was used to calculate roach growth rates.
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Condition factor
Condition factors are used to compare the health of fish and are based on the assumption that 
heavier fish at a given length are healthier (Ricker 1975). However fish weight will also 
depend upon the season. Fish are relatively heavy prior to spawning and after periods of 
feeding. The comparison of fish condition between individuals or populations is most valid 
when they are at the same developmental stages, or sampled in the same season. Fulton’s 
condition factor (K) for comparison of fish over a wide range of lengths was calculated for 
each species, from the equation (Ricker 1975):
K  =  lOOw /  L b
Where L = length 
w = weight
b = the gradient taken from a graph of log L against Log w for all fish of a given 
species.
3.4 Results
3.4.1 Dissolved Oxygen
As the River Irwell enters the survey area (Site 1) it typically has a DO range of between 11 
and 6 mg O2 l"1, depending upon the season. The highest levels are seen in winter and the 
lowest in the summer (Figure 3.1).
Spatial trends
Turbulent mixing at Adelphi Weir (Site 2) raises DO levels by an average of 1.6 (+ 0.5) mg 
O2 I'1, but as the River Irwell flows downstream DO levels fall. The impact of the weir upon 
elevated DO levels is seasonal and increases as water temperatures rise (Pearson correlation 
R=0.616, P<0.001) (Figure 3.1) and flow falls. This occurs because the river is relatively 
unsaturated with DO due to increased microbial activity and reduced mixing during low flow, 
and therefore the water has a greater scope for reoxygenation.
The spatial influence of the weir is also seasonal and stretches furthest downstream during the 
winter. Mean monthly DO concentrations are elevated by the weir as far downstream as site 6 
(7 km downstream) in December 1999 and site 5 (5.5 km downstream) in February and March 
1998. During months when the water temperature is warmer, DO levels are still elevated by 
the weir as far downstream as site 4 (3.5 km downstream). The average drop in DO between 
the weir and MSC Turning Basin (site 6) is 2.5 (+ 1.6) mg O2 I'1 for surface water and 3.3 (+ 
1.9) mg O2 I"1 for water at the base of the water column. These falls in DO concentration also 
increase as water temperatures rise (Pearson correlation R=0.435, P=0.007 and R=0.354, 
P=0.032 for bottom and surface water respectively). This trend is probably due to a 
combination of reasons, of which increased microbiological activity in the water column 
(increasing BOD) and sediment (increasing SOD) with temperature, and a reduced ability to 
reoxygenate during summer low flow conditions are the most significant.
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Date
Figure 3.1 Mean monthly DO concentration recorded at 9 sites along the lower River 
Irwell and upper Manchester Ship Canal (February 1998 to April 1999)
The DO regime downstream of the Turning Basin, between Barton and Irlam Locks shows a 
similar pattern (Figure 3.1). DO levels in this stretch of the MSC, below Barton Lock are 
elevated by both lock sluice turbulence and the entry of aerated effluent over a weir from 
Daveyhulme sewage works. The impact of this oxygenation was particularly strong in May 
1998, when the mean DO concentration beneath Barton Lock was greater than that recorded 
in the MSC Turning Basin and at Pomona. As water flows downstream towards Irlam Lock, 
DO concentration falls and this decline is more rapid in the summer.
Temporal trends
DO percent concentration and water temperature at the surface and bottom of the Turning 
Basin water column show a strong negative correlation at sites 6.1 (Pearson correlation R=- 
0.585, P<0.001, R=-0.765, P<0.001, respectively) and 6.2 (Pearson correlation R=-0.446, 
PO.OOl, R=-0.784, PO.OOl, respectively). High water temperatures correspond to low DO 
concentrations in the summer and low temperatures correspond to high DO levels in the 
winter (Figure 3.2 a-b).
Dissolved oxygen levels at the bottom of the water column are consistently lower than at the 
surface throughout the survey period, at both Turning Basin sites (Figure 3.2 a-b). Low levels 
are more common during the summer at site 6.2, where DO levels fell below 5% saturation in 
July and September 1999, and in May, July and August 2000. However during these periods 
oxygen concentrations at the surface were often over 40 % saturation, although on three 
occasions in 1999 the entire water column fell below 20 %. DO levels only fell below 5% 
saturation in September 1999 and May 2000 in the Turning Basin. Occasional peaks in DO 
levels were also observed at the surface of the water, and at depths of up to 2 to 3 m, during 
all three summers (e.g. DO levels of 113, 96 and 80 % saturation were recorded during July 
and August 1999). These high DO levels are attributed to phytoplankton photosynthesis, 
which releases oxygen into the water column.
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(a) Site 6.1
Date
(b) Site 6.2
surface DO ----- -bottom DO
Date
Figure 3.2 Weekly and twice weekly (summer) DO (% saturation) and temperature (° 
C) levels at the surface and bottom of the water column at sites (a) 6.1 and 
(b) 6.2, in the MSC Turning Basin 1998 to 2000
Heavy rainfall throughout the summer of 1998 and the concurrent oxygen injection 
programme in the Turning Basin ensured that DO levels in zone 6 were maintained above 40 
% at the surface and rarely fell below 20 % at the bottom of the water column. The impact of 
the oxygenation scheme is more clearly seen at site 6.1, which was situated directly opposite
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the site of injection. Oxygen injection began in July and an immediate elevation in DO levels 
was recorded at both sites, but particularly at site 6.1. However in 1999 and 2000 the summers 
were warmer and drier, flow levels lower and the DO levels observed were depressed, 
showing marked extremes between the surface and bottom waters.
3.4.2 Biochemical Oxygen Demand, suspended solids and ammonia
Biochemical oxygen demand (BOD), ammonia and suspended solid concentrations all show a 
wide degree of variability (Table 3.3), and the only water quality parameters to show a 
correlation were ionised and unionised ammonia levels at the bottom of the water column 
(Pearson correlation R=0.768, P=0.004).
BOD levels exceeded 10 mg O2 1'1 at the surface and bottom of the water column twice in the 
winter of 1998, once in the winter of 1999 and during the spring of 2000 (Figure 3.3). These 
peaks do not correspond with the high suspended solid levels (> 15 mg I"1) recorded between 
the autumn and spring of most years. The peaks in both parameters are probably due to heavy 
autumn and spring rainfall, which wash organic debris and particulate matter from the city 
into the Turning Basin, within both surface water runoff and as CSO inputs. Conversely 
particularly low BOD and suspended solid levels were recorded during the summer months, 
reflecting low flow conditions which reduce particulate inputs and allow matter to settle out.
Table 3.3 Mean, minimum and maximum ionised and unionised ammonia
concentrations, BOD and suspended solid levels recorded at the surface and 
bottom of the water column in the MSC Turning Basin (Site 6) from 1998 to 
2000 (APEM 1998 1999 2000a)
Mean (+ SD) Min Max
Ionised ammonia Surface 1.55 (±0.90) 0.43 3.17
(mg n h 4 r 1) Bottom 1.48 (±0.93) 0.1 3.17
Unionised ammonia Surface 7 (±4) 2 17
(pgN H 3 1'1) Bottom 6 (±5) 1 18
BOD (mg 0 21'1)
Surface 6.1 (+2.7) 2.4 14.4
Bottom 6.5 (± 2.7) 2.2 16.9
Suspended Solids Surface 11.4 (±8.7) 2.5 31.8
(mg I'1) Bottom 16.2 (±10.9) 6.5 36.5
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F ig u re  3.3 M o n th ly  b iochem ical oxygen d e m a n d  (BO D ) an d  su sp en d ed  solid  (SS)
levels fo r  su rface  an d  b o tto m  w a te r  in  th e  T u rn in g  B asin  fro m  1998 to  2000 
(A P E M  1998 ,1999 , 2000a)
3.4.3 M a c ro in v e r te b ra te  com m un ity  
Species d ivers ity
Thirty-five m acroinvertebrate taxa were identified in the low er R iver Irw ell and upper 
M anchester Ship Canal (Table 3.4). O f these, 33 taxa w ere identified in the R iver Irw ell (Sites 
1 to 4) 22 taxa in the upper M SC (sites 5 and 6), and 15 taxa in the low er M SC. Taxa that 
occurred at all sites consisted o f  detritivorous oligochaetes and the crustacean Asellus 
aquaticus, filter feeding Chironomids, and the predatory leech fam ilies Erpobdellidae and 
G lossiphoniidae. G razing species were poorly represented in the R iver Irw ell and upper M SC 
and snails only occurred occasionally. H ow ever the snail P hysa  fon tina lis  was well 
represented in the low er M SC betw een Barton and Irlam  Docks. A ll sites w ere num erically 
dom inated by Asellus.
Sam ples taken from  beneath A delphi W eir (site 2) produced the greatest com m unity richness 
(25 taxa, Table. 3.4). Those taxa found only beneath the w eir w ere the leech fish parasite 
P iscico la  geom etra , a beetle o f  the fam ily H aliplidae, the cased caddis Potam ophylax 
cingulatus and w ater m ites o f  the fam ily Lim nocharidae.
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Table 3.4 Mean monthly density of different macroinvertebrate taxa (number per 10 
litre of colonising substrate) for all sites along the lower River Irwell and 
Manchester Ship Canal, from March 1998 to February 2000
Species/Families
Lower River Irwell 
Site 1 Site 2 Site 3 Site 4
Upper MSC
c - 4 .  « s iteSite 5 , . 6.1
Lower MSC 
Barton „ 
Lock Ferry
Irlam
Lock
CRUSTACEA
Asellus aquaticus 4982 11872 7319 7919 18365 14235 4251 6466 2406
Gammarus pulex 2 5 2 2 1 1 <1 <1
Crangonyx sp. <1 <1 <1
ARACHNIDA
Hygrobatidae <1 <1
Limnocharidae <1
COLEOPTERA
Dytiscidae (larvae) <1 <1 1
Haliplidae <1
EPHEMEROPTERA
Baetis rhodani 1 2
ODONATA
Coenagrion puella <1 <1
TRICHOPTERA
Phrygenea bipuncta <1 <1 <1
Potamophylax
cingulatus
<1
Limnephilus
subcentralis
<1
Halesus digitalis <1
NEUROPTERA
Sialis sp. <1
HIRUDINEA
Erpobdella sp. 91 60 94 13 23 <1 2 <1 <1
Erpobdella testacea 124 123 71 165 261 332 13 1 2
Erpobdella
octoculata
105 104 87 66 121 190 3 <1 1
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Species/Families
Lower River Irwell 
Site 1 Site 2 Site 3 Site 4
Upper MSC
c -4 .  c  s iteSite 5 , , 6.1
Lower MSC 
Barton _ 
Lock Ferry
Irlam
Lock
Glossiphonia <1 3 <1 1 2 9 44 <1 1
complanata
Helobdella stagnalis 5 10 8 14 12 23 1 <1 2
Theromyzum <1 1 <1 <1 1 <1 <1 <1
tessulatum
Hemiclepsis <1 <1 <1
marginata
Haemopsis <1 1 1
sanguisuga
Piscicola geometra <1
MOLLUSCA
Bithynia tentaculata <1
Potamopyrgus <1 <1
jenkinsi
Physa fontinalis <1 12 33 10
Ancylus lacustris <1
Limnaea peregra <1 <1 1
Sphaerium sp. <1 <1 <1 <1
Planorbidae <1 <1
TRICLADIA
Dugesia sp. 9 10 7 5 1 3 11
Polycelis sp. 4 32 3 17 1 7 <1
DIPTERA
Chironomidae 185 77 165 38 14 18 188 60 66
Simulidae <1 9 2 <1
Tipulidae <1 <1 1
OLIGOCHAETA 365 42 47 21 54 659 642 59 52
Total taxa 15 25 14 20 17 20 13 13 11
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Quarterly grab samples taken from the sediment bed in the MSC (zones 5 and 6) were 
dominated by oligochaetes, whilst associated dock wall scrapes were dominated by Asellus 
(Table 3.5 a-b). Scrape samples produced more species than grab samples, including two 
species not previously identified in the canal, the may fly Baetis rhodani and fly larvae family 
Ceratopogomidae.
Table 3.5 Density (individuals m"2) of macroinvertebrate taxa identified in zones 5 
and 6, from (a) quarterly grab samples and (b) wall scrape samples taken 
from spring 1999 to spring 2000
(a) Quarterly grabs
Species
Zone 5
May-99 Aug-99 Nov-99 Mar-00
Zone 6
May-99 Aug-99 Nov-99 Mar-00
Oligochaete 36142 8636 15991 80904 2346 21105 16147 16243
Asellus aquaticus 7
Erpobdella testacea 22 148 30 44 15
Erpobdella octoculata 15 7
Chironomidae 7 37 7
(b) Scrape samples
Species
Zone 5
May-99 Aug-99 Nov-99 Mar-00
Zone 6
May-99 Aug-99 Nov-99 Mar-00
Asellus aquaticus 4956 4452 700 2196 3712 3232 12880 6944
Gammarus pulex 4 8
Crangonyx sp. 20
Hygrobatidae 4
Baetis rhodani 8
Phrygenea bipuncta 4
Erpobdella sp. 180 0
Erpobdella testecea 12 0 16 4 40 24 164
Erpobdella octoculata 12 16 20 56 12 12
Polycelis sp. 40 12 24 16 144
Ceratopogonidae 8
Chironomidae 196 16 60 576 12 100 480 48
Oligochaetae 144 3252 384 320 108
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The BMWP and ASPT scores recorded during this survey were low (Table 3.6) and typical of 
waterways classified by the General Quality Assessment Scheme as ‘poor’ (Environment 
Agency 1997). The highest BMWP score recorded was 33 (August 1999 in the River Irwell at 
site 4), which was primarily due to the presence of Gammarus and the cased caddis 
Phrygenea. However these species were found elsewhere with Gammarus most commonly 
found in the River Irwell and Phrygenea in the MSC. Samples taken from the lower MSC, 
between Barton and Irlam Locks, showed particularly low BMWP scores ranging from 5 to 
20 .
A single 3-minute search was also made amongst the macrophytes and walls of Woden Street 
Basin in zone 4 during August 1999, which produced a BMWP score of 33. No Asellus were 
found in this small basin, but numerous may fly nymphs (species Baetis rhodani and 
Centroptilum luteolum) and snails (species Physa fontinalis and Limnaea peregra) were 
identified.
Table 3.6 Mean monthly BMWP and ASPT for all survey sites on the lower River 
Irwell and Manchester Ship Canal from 1998 to 2000
BMWP ASPT
Site Mean SD Range Mean SD Range
1 14.4 5.6 6 -2 8 3 0.5 2 .3 -4
Lower River 2 17.4 7.2 6 -3 1 3.3 0.5 2.3-4.2
Irwell 3 16.8 6.8 9 - 2 9 3.3 0.4 2.8-3.7
4 18.5 6.7 9 -3 3 3.4 0.4 2.8-4.2
Upper MSC
5 14.5 6.2 9 - 3 0 3.1 0.7 2 .2 -5
6.1 16.1 6 9 -3 2 3.1 0.5 2 .4 -4
7.1 12.8 3.6 3 - 18 2.7 0.2 2.2-3.2
Lower MSC 7.2 10.7 3.5 5 -2 0 2.7 0.3 2.3-3.5
7.3 10.6 4 5 -2 0 2.6 0.3 2 -3 .3
ASPT were consistently low throughout the survey area, reflecting the dominance of pollution 
tolerant species (e.g. Asellus aquaticus and Erpobdella octoculata). The highest mean ASPT 
were recorded at the three River Irwell sites situated downstream of Adelphi Weir (mean 
ASPT 3 to 3.3). The highest individual ASPT was recorded in the MSC at Pomona 
(December 1998, ASPT 5). This score was also due to the presence of Gammarus and 
Phrygenea, and also beetle larvae of the Dytiscidae family.
Spatial variation
Little variation in species presence is evident between sites on the River Irwell and Upper 
MSC, and the only significant difference between BMWP scores were recorded between
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A delphi w eir (sites 2) and the M SC (site 5) (Paired T test, T= 2.14, P= 0.049). The uniform ity 
o f  m acroinvertebrate distribution is reflected in a Bray Curtis Sim ilarity dendogram  (Figure 
3.4), w hereby all sites show  greater than 60 % sim ilarity and those upstream  o f M ode W heel 
Locks show over 75 % sim ilarity. H ow ever despite the high degree o f sim ilarity betw een 
sites, m acroinvertebrate com m unity structure at individual sites clearly shows an association 
w ith their spatial distribution w ithin the survey area (Figure 3.4, 3.5). Both the Bray Curtis 
Sim ilarity D endogram  and M ultiple D im ension Scaling aggregate sites w ith sim ilar flow  and 
depth. For instance, all o f  the sites in zone 7 were grouped together, w hilst those in the upper 
M SC (sites 5 and 6) w ere separated from  the rest o f  sites upstream  o f  M ode W heel Locks.
F ig u re  3.4 B ra y  C u r tis  s im ila rity  d e n d ro g ra m , fo r poo led , tra n s fo rm e d  (4th roo t) 
in v e r te b ra te  d a ta , m inus species th a t  o c c u r only once
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Figure 3.5 Multiple Dimension Scaling of survey sites, transformed (4th root)
invertebrate data minus species that occur only once. (--------80 %
similarity,-------70 % similarity)
Overall mean Asellus density increased as sites progressed downstream from site 1 (498 + 395 
Asellus I'1 of colonising substrate) to site 6 (1424 + 732 Asellus I'1 of colonising substrate). 
The only exception to this trend was observed at site 2, beneath Adelphi Weir, where Asellus 
numbers were more akin to those found in the MSC.
Temporal variation
BMWP scores for all zones appear to follow a similar seasonal cycle in the first year of 
monitoring (Figure 3.6), with low scores recorded in the summer and high scores in the 
winter. However by the second year, synchronicity in BMWP variation is lost and only sites 2 
and 3 (Pearson correlation R=0.787, P<0.001) and sites 5 and 6 (Pearson correlation R=0.599, 
P=0.003) showed significant correlation throughout the survey period. In addition, only sites 2 
and 3 demonstrated a significant positive correlation between monthly BMWP score and 
mean monthly DO concentration (Pearson correlation R=0.773, P=0.009 and R= 0.729, 
P=0.04 for sites 2 and 3 respectively).
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F ig u re  3.6 S easonal v a ria tio n  in  B M W P  scores ( th re e  m o n th  ru n n in g  average)
rec o rd e d  fo r  a ll sites a long  th e  low er R iv e r Irw ell and  u p p e r  M a n ch e s te r  
S h ip  C an a l, fro m  M a rc h  1998 to  M a rc h  2000
The highest Asellus densities w ere found in the M SC (sites 5 and 6) and beneath A delphi w eir 
(site 2) (Figure 3.7). There appears to be tw o distinct seaonal patterns in Asellus density, both 
o f  w hich are represented in the M SC and R iver Irwell. A t sites 1, 3 and 5, two peaks in 
Asellus density occur per year, w hereas at sites 2, 4 and 6 only a single peak in population 
density is seen per year (Figure 3.7). Peaks in population density were due prim arily to an 
increase in the num ber o f  small, young Asellus and were therefore likely to correspond to 
breeding periods. H ow ever Asellus population dynam ics shows little synchronicity betw een 
sites and significant positive correlation can only be dem onstrated betw een sites 4 and 6 
(Pearson correlation R=0.461, P=0.027), and sites 2 and 3 (Pearson correlation R=0.513, 
P=0.015). A  significant negative correlation also exists betw een sites 2 and 6 (Pearsons 
corelation R=-0.439, P=0.036).
Changes in Aselleus density in the Turning Basin during the summ ers o f  1998 and 1999 were 
not com parable, w ith density increasing in the sum m er o f  1998 but suppressed in 1999. This 
is probably due to the influence o f  the oxygenation pilot schem e undertaken in the M SC 
Turning Basin during the 1998 summ er, w hereby elevated DO levels im proved Asellus 
survival rates.
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F ig u re  3.7 S easonal v a ria tio n  in  A sellus density  ( th re e  m o n th  ru n n in g  average) fo r  all 
sites on th e  R iv er Irw ell an d  u p p e r  M SC
3.4.4 F ish  c o m m u n ity
E leven fish species w ere identified in the low er River Irw ell and upper M SC (zones 1-6) 
during the course o f  this study, namely:
R oach (Rutilus ru tilus L.) 
Perch (P erea  fluv ia tilis  L.) 
Chub (Leuciscus cephialus L.) 
Dace (.Leuciscus leuciscus L.) 
Bream  (Abram is b ram a L.) 
Trout (Salmo tru tta  L.)
Rudd (iScardinius erythrophthalm us L.) 
Carp {Cyprinus carp io  L.)
Tench ( Tinea tinea L.)
G udgeon (Gobio gobio L.)
Pike (Esox lucius L.)
R oach and perch w ere the m ost num erous species, accounting for 53 and 37 % o f  all fish 
caught in the R iver Irw ell and M SC, respectively (Table 3.7).
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Table 3.7 Total number of fish caught by specific sampling methods in each survey zone of the lower River Irwell and upper MSC (A 
angling, EF Electric fishing, FN Fyke netting, GN Gill netting), from March 1998 to February 2000
Species
Zone 1 
A
Zone 2 
A
Zone 3 
A
Zone 4 
FN A
Woden
Basin
EF
Zone 5 
FN EF
Zone 6 
FN GN EF
Total
catch
% of
catch
Roach 1 9 11 201 312 15 14 33 117 8 721 53.4
Perch 4 3 55 33 334 5 27 15 5 12 493 36.5
Pike 32 3 35 2.6
Bream 3 27 1 31 2.3
Rudd 28 28 2.1
Chub 16 1 17 1.3
Dace 6 10 1 17 1.3
Trout 2 1 3 0.2
Tench 1 1 0.1
Gudgeon 1 1 2 0.1
Carp 1 1 0.1
TOTAL 29 22 67 238 736 20 42 48 122 25 1349
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No other fish species contributed more than 3 % of the overall catch and only a single 
individual carp, tench and gudgeon were caught.
No fish were caught in the stretch of MSC in zone 7 (Barton to Irlam locks), despite a large 
shoal of fish being seen immediately upstream of Irlam Lock in August 1998. These fish were 
shoaling at the surface of the water during warm weather and were the only fish seen in this 
sampling zone.
Species distribution
Coarse fish community structure and diversity varies along the length of the survey area and 
roach dominance progressively increases downstream of Adelphi Weir (Figure 3.8, Table 
3.7). Chub and dace dominate the fish community in the well oxygenated, shallow, turbulent 
waters beneath Adelphi weir (zones 2 and 3), whilst further downstream as depth increases 
and flow reduces, roach and perch dominate.
Woden Basin, on the right hand bank of zone 4, produced the most diverse catch, with 7 
species caught in this dock, including tench, carp and rudd, species that were not caught 
elsewhere (Table 3.7). Woden Basin also produced relatively high pike and bream catches, the 
pike being drawn out from discarded shopping trolleys on the bottom of the dock during 
electric fishing.
Condition Factor
The mean condition factor of each coarse fish species is shown in Table 3.8. Condition factors 
provide a rough assessment of fish health and all species score over 1.4, except for pike who 
recorded a relatively low condition factor of 0.89. The expected norm for fish, if isometric 
growth is assumed (growth at an equal rate in all directions) is 1 (Ricker 1975). Condition 
factors will vary seasonally and with age, in response to feeding rates and sexual 
development. Therefore any detailed comparison of condition factors is not advisable, 
although the high scores recorded are indicative of good health. All species except pike have a 
healthy weight to length ratio, but the relatively low condition factor for pike is unlikely to be 
due to poor health but is rather to the growth pattern of this species (not isometrtic) whereby 
fish length grows faster than depth.
Table 3.8 Mean Fulton’s condition factor, for fish species caught in the survey area 
between March 1998 and February 2000
Species n Mean Fulton’s condition factor (±SD)
Roach 251 1.69 (+ 0.29)
Perch 254 1.51 (+ 0.29)
Chub 17 1.54 (+ 0.17)
Dace 17 1.44 (+0.14)
Bream 31 1.87 (±0.22)
Rudd 28 1.97 (+ 0.3)
Pike 31 0.89 (+ 0.11)
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Figure 3.8 Fish community structure along the lower River Irwell and upper MSC
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3.5 Discussion
The macroinvertebrate and fish species recorded in the lower River Irwell and upper 
Manchester Ship Canal are typically found in depositional lowland rivers (Hawkes 1975) and 
organically polluted waterways (Hellawell 1986). The crustacean Asellus aquaticus and 
leeches of the family Erpobdellidae dominate the macroinvertebrate community for which a 
high degree of similarity is evident throughout the survey area. The fish community shows a 
basic mix of coarse fish species dominated by roach and perch in the deeper parts of the River 
Irwell and MSC. None of these species are specific to polluted water and are naturally 
common to lowland rivers. Both macroinvertebrate and fish community structures show a 
clear pattern of distribution between sampling sites, with the greatest diversity recorded 
downstream of Adelphi Weir and in Woden Basin.
3.5.1 Invertebrate diversity
The traditional model of water quality and macroinvertebrate community structure 
downstream of a STW effluent outfall (Hynes 1971) describes a series of zones, defined by 
key species. Initial sedimentation due to high suspended solid levels severely modifies the 
watercourse substrate, whilst high BOD levels can produce a pronounced oxygen sag whose 
severity will depend in part upon the degree of organic pollution. Under such conditions 
Asellus are excluded until reoxygenation occurs further downstream, and a ‘pollution fauna’ 
of tubificid worms and Chironomids initially dominate the invertebrate community. The 
pollution fauna described by Hynes (1971) and characterised by large numbers of tubificid 
worms was only found in areas of the MSC (in the Turning Basin and Pomona Docks) 
sampled by the Ekman Grab. These areas were sedimentary and characterised by a canal 
bottom substrate covered in fine sediments, offering a homogenous habitat with few niches to 
the macroinvertebrate fauna. However the water quality parameters associated with the 
Asellus zone of Hynes model correspond well with those conditions seen in the survey area. 
Sewage fungus is absent, substrates are covered with Cladophora and reoxygenation ensures 
that fish are able to remain in the area. Where sedimentation was not prevalent and some 
structural complexity existed, Asellus dominated the macroinvertebrate community, including 
the MSC directly downstream of the Daveyhulme STW.
A total o f 38 taxa were identified in the Irwell and upper MSC, and only 16 in the lower MSC. 
The particularly poor diversity found in the lower MSC is in part due to the nature of 
sampling, since wall scrapes and benthic grabs were not undertaken at these sites. The 
invertebrate fauna of the survey area appears to have changed little since 1994 when 30 
species were identified over a 6 month period, using the same coloniser sampling method and 
sites on the river and canal (Litton 1996). Several taxa were found during the current study 
that were absent in 1994 and are likely to have colonised the waterway since that survey. 
However these species were generally rare (e.g. single individuals of the cased caddis 
Potamophylax cingulatus and Halesus digitalis found in upstream sites) and possibly drifted 
into the survey area. The only new species regularly found were the flatworm Dugesia sp. and 
Polycelis sp., which were often found in the River Irwell sites but were less common in the 
MSC.
However species diversity in both stretches of the survey area are lower than other waterways 
affected by sewage inputs and dominated by oligochaetes, Chironomids and Asellus (Fruget
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1994, Koslcenniemi 1994, Poepperl 1999, Schridde el al. 1997). Fruget (1994) recorded 114 
and 96 taxa from artificial substrate and dredging samples respectively, in a regulated stretch 
of the Middle River Rhone. The lowest taxa count of any sampling site was 45. This was 
recorded in a side channel and Asellus dominated the substrate macrofauna. Fruget (1994) 
does not name the specific species identified and so it is unclear what taxonomic level of 
invertebrate identification he worked to. Clearly this will play an important role in assessing 
diversity. For instance Fruget (1994) identified 16 dipteran taxa but only three were identified 
in the present study. Nevertheless the most diverse taxa identified by Fruget (1994) were 
molluscs (20 taxa), which were identified to species in the present study (except for two 
planorbids found in sites 2 and 6.1). Molluscs were particularly rare in the Irwell and upper 
MSC (occasional individuals of 7 taxa), although Physa fontinalis was common in the lower 
MSC. Fruget (1994) considered diversity to be low and caused in part by sewage effluent, 
channelisation, sedimentation, insecticide inputs and weed control. The first three factors are 
of importance to the lower Irwell and MSC, and similarly must play an important role in 
reducing the macroinvertebrate diversity. Fruget (1994) also highlighted the biological 
importance of natural banks which were considerably richer in invertebrate fauna than the 
channel bed, but which are generally absent from the lower Irwell and MSC.
Schridde et al. (1997) reported a total of 81 species in the River Fuhse, Germany, covering 31 
sampling sites. The highest and lowest diversity of any individual site was 23 and 4 taxa 
respectively (adjusted to the taxonomic level of identification used during the current study), 
which is comparable to the current study, whose diversity ranged from 25 to 11 taxa. However 
the number of taxa identified during any study will depend upon the level of taxonomic 
identification undertaken. For instance, all dipterans found during the current study were 
identified to family and not species level, which would have decreased the total number of 
taxa recorded. In both the River Fuhse and the Irwell and MSC Erpobdella octoculata, 
Asellus, and Chironomids dominated the invertebrate community. Schridde et al. (1997) 
considered insecticides and sediment inputs to be the major influence on community structure 
in the upper sampling sites, whilst channelisation, bank engineering and weed cutting reduced 
habitat availability and diversity in the lower sampling sites.
Sampling bias
The use of colonisers is considered to be the most efficient method of sampling deep waters 
(Department of Environment 1983), although the colonisation structures will not sample the 
whole invertebrate community since they lie on the bottom of the waterway. In addition the 
use of colonisation samplers will be inherently biased to those species which are attracted to 
them. This may go some way to explaining the very high densities of Asellus recorded, since 
the movement of Asellus in food rich habitats is low (Mosslacher and Creuze des Chatelliers 
1996) and individuals stay within the optimal food rich locality.
The bias of colonisers is illustrated when density estimates are compared to those of 
alternative sampling methods, which target different microhabitats. Grabs taken from the 
canal bed rarely caught Asellus or leeches but revealed very high densities of oligochaetae 
worms. However grabs cannot sample coarse substrate, which prevents the jaws of the grab 
from fully closing, thereby losing any material sampled during its retrieval. Asellus may well 
inhabit the areas of litter on the canal bottom, but this habitat is also difficult to sample with a 
grab. Wall scrapes taken from the MSC demonstrate that the invertebrate fauna at the surface
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of the water column is similar to that recorded on the bottom, whereby Asellus and leeches 
again dominate.
The canal system is not as uniform as it appears upon first inspection. There are several 
shallow areas created by mud banks, on the right hand bank of the canal as it turns into the 
Turning Basin. One such area has also been colonised by macrophytes and may sustain a 
more diverse fauna than the colonisation samplers suggest. In addition Woden Basin in zone 4 
provides a typical example of a small dock that supports additional habitat features not typical 
of the survey area. This backwater has been colonised by pondweed and supports numerous 
snails of the genus Physa and Limnaea, and the baetid Centroptilum luteolum. These species 
were found to be absent or rare elsewhere in the lower Irwell and upper MSC, and illustrates 
the importance of niches in a community of limited habitat diversity.
3.5.2 Invertebrate community structure, water quality and habitat
The nearest STW to the lower River Irwell and upper MSC sites is approximately 10 km 
upstream, in North Manchester. However water quality parameters such as ammonia, SS and 
BOD are also associated with combined sewer overflows (CSO’s) and the entrainment of 
natural material from the river and its banks. As such the defining feature of this stretch of 
survey area is its urban setting and the implications this has on channel morphology, water 
quality and in particular DO concentrations. Heavy flows will remobilize settled organic 
material and even historic sediment during storm events. This will be accompanied by the 
discharge of CSO’s, which occur regularly in the River Irwell and MSC, delivering raw 
sewage and urban run-off to the river (Rees and White 1993). This in turn will play an 
important role in preventing the invertebrate fauna from developing.
Episodic exposure of the biota to extreme water quality deterioration associated with storm 
events and the discharge of CSO’s will not necessarily be recorded by a monitoring process 
based upon weekly and monthly data collection. Unionised ammonia levels will start to 
adversely effect Asellus at concentrations over 6 mg NH3 I"1 (Maltby 1995), which is 
considerably higher than that recorded in the survey area (Mean and maximum unionised 
ammonia concentrations recorded in the Turning Basin were 0.007 and 0.017 mg NH 3 I"1). 
Maltby also observed tolerance to low DO concentrations in Asellus, but mortality increased 
quickly below 1 mg O2 I"1 over 24 hours. Notably juvenile survival rates were higher than 
adults. Wet weather and an associated increase in BOD, flow rate, suspended solid levels and 
total aqueous copper concentration have been shown to influence mortality of Asellus in the 
field (Musliss et al. 1996). All of these parameters are associated with storm events and the 
resuspension of material common to the survey area.
Asellus density throughout the survey area appears to show two types of seasonal pattern. The 
first is seen in the Turning Basin, where density is highest in the winter and reduced in the 
summer. This fluctuation is ascribed to oxygen stress as DO levels fall during warm, low flow 
conditions. Asellus density in the Turning Basin appeared to react well to an oxygenation trial 
carried out in the summer of 1998. An upturn in density was seen in July, which was carried 
over into the winter.
In the Pomona stretch of the canal (zone 5) Asellus produces two peaks in density per year 
when small young Asellus dominate the population, characterising the completion of two 
breeding seasons. Asellus adults, bom the previous year, breed during spring. The breeding
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season is extended and a series of cohorts are produced. Young produced early, can grow 
quickly and breed in the summer if enough food is available. Those hatched later will 
overwinter and breed the following spring. Asellus in the Pomona area of the canal are 
probably able to complete two life cycles a year because of an abundant food supply and 
relatively high DO concentration. These two scenarios are most clearly seen in the MSC, as 
flow rate and food availability is constant. Patterns of population change in the River Irwell 
are not as clear and this may be due to the disruption of sampler colonisation by variable flow 
rates.
Asellus feeds upon coarse particulate organic matter, and particularly microbially conditioned 
leaves (Various authors in Graca et al. 1994). This foodstuff is abundant in the survey area, 
since it is continuously being washed down into the system from the River Irwell. The MSC 
and Turning Basin are particularly rich in this litter as flows are reduced and the canal acts as 
a deposition zone for large volumes of organic matter. The high numbers of Asellus seen are 
comparable to those recorded by Allen et al. (1958) in a sewage channel in the Colne valley, 
Middlesex (maximum Asellus density recorded 200,000 individuals m"2). Density in the 
current study has been recorded as number per litre of colonising habitat, and direct 
conversion between the two is difficult since the coloniser is a three dimensional object. 
However when broken up the pieces of a coloniser cover an approximate 10 x 10 cm area, for 
which both sides are available for colonisation. Therefore 25 litres of coloniser could be 
considered as equivalent to a square metre of surface area. As such the density of Asellus 
recorded at the edge of the MSC bottom is equivalent to a range of 5750 to 95,950 individuals 
per m2, which is considerably less than that recorded by Allen et al. (1958).
An Environment Agency invertebrate monitoring site is situated immediately upstream of the 
survey area. This site is characterised by riffle habitat and surveyed by kick sampling. 
Although riffles are not present in the survey area, the EA data can give an indication of those 
invertebrate species capable of living in running water of the quality entering the survey area. 
No species present at the EA site were completely absent from the current study. On the 
contrary, several species were identified which were not present at EA monitoring site, 
including the crustacean Crangonyx, Tipulidae and several species of cased caddis (family 
Limnophillidae). The absence of these species from EA kick samples may reflect the 
difference in sampling methods and the habitats to which they are applied. For instance 
Crangonyx is not a riffle species, but prefers relatively still waters (Gledhill et al. 1993) and is 
therefore unlikely to be found in kick samples. Conversely one might expect some species 
found in the EA kick sample site to be uncommon or absent further downstream for the same 
reasons. For example, the may fly Baetis rhodani has become increasingly common at the EA 
kick sample site but was found to occur only rarely at sites 2 and 3, beneath Adelphi Weir and 
in a single wall scrape sample taken from the MSC. The sites beneath Adelphi Weir show 
some physical similarity to the EA monitoring site, in that water depth is generally below one 
metre, flow is turbulent and the substrate dominated by boulders, cobbles and pebbles. 
Therefore the invertebrate community of these sites should show some similarity to ‘normal’ 
riffle habitats and support species such as Baetis, whose presence in the riffle upstream of 
Adelphi Weir demonstrates their tolerance of the prevalent water quality conditions. 
Additional factors may also suppress species diversity at these sites and at least three storm 
sewage overflows are situated between the EA sampling site and sampling site 3.
Salford Quays was developed 10 years ago and has a stable oxygen regime maintained by an 
artificial mixing system and is not subject to the poor water quality typical of the MSC (Table 
3.9). Isolation has reduced the Quays BOD, and ionised and unionised ammonia
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concentrations by blocking the entry of CSO and STW effluents. But the macroinvertebrate 
community in the Quays is subject to the same level of habitat availability as that found in the 
MSC. Monthly monitoring with colonisation samplers has identified numerous species 
abundant to Salford Quays but not found in MSC, including three caddis species of the genus 
Cymus and Ecnomus, and numerous snails of the genus Physa and Bithynia (APEM 2000a). 
This suggests that water quality, rather than habitat availability, is primarily responsible for 
macroinvertebrate community structure in the Lower Irwell and MSC. This conclusion is 
further supported by the low species diversity observed in the stretch of the MSC immediately 
downstream of Daveyhulme STW.
Table 3.9 Water quality conditions recorded in Salford Quays and the MSC Turning 
Basin in May 1998 (APEM 1998)
Salford Quays MSC Turning Basin
Mean DO (mg O2 1'1) 10.5 6.1
BOD (mg 0 2 l '1) 4.2 9
Suspended solids (mg I"1) 11 7
Ionised ammonia (mg N H /1"1) 0.03 2.16
Unionised ammonia (|Ltg I"1) 0.4 8.7
The only survey sites to show any relationship between dissolved oxygen concentration and 
BMWP score were situated immediately below Adelphi Weir (site 2) and at the next site 
downstream in the River Irwell (Site 3). These sites both consistently record the highest DO 
concentrations due to their downstream proximity to Adelphi Weir. However both of these 
sites also have a relatively shallow depth, which results in an increased flow velocity and 
stony substrate, not typical of the rest of the survey area. Thus it is clear that water quality, or 
more precisely DO concentration, cannot be separated from those aspects of channel shape 
and habitat associated with depth, flow and substrate.
Clearly the presence of Daveyhulme STW does have an effect upon fauna in the MSC, since 
only 15 taxa were identified downstream of the effluent outfall. The three sample sites in this 
stretch of canal had a particularly low DO regime and produced only 10 11 and 12 taxa 
respectively, which is comparable to the 11 taxa identified in the upper reaches of a sewage 
channel in the Colne Valley (Allen et al. 1958). Nevertheless Allen et al. (1958) noted a 
further 8 taxa further down-channel, including molluscs in littoral areas colonised by 
macrophytes, although the downstream end of the channel was marked by extreme deposition 
of suspended solids and only Asellus and Chironomids were found.
Other taxa that commonly occurred downstream of the Daveyhulme STW were leeches and 
molluscs, both of which are associated with Asellus in the Hynes model (Mason 1992). The 
mollusc Physa fontinalis is abundant at all sites beneath Daveyhulme STW and in Salford 
Quays but was rare in the River Irwell and upper MSC. This suggests an aspect of water 
quality in the River Irwell and upper MSC associated with the city but not present in the 
Quays or further downstream, which excludes molluscs from this stretch.
More pollution sensitive species such as Gammarus pulex were not found beneath 
Daveyhulme. This is despite the maintenance of DO levels by the STW outfall weir and lock 
sluice, both of which are particularly important given that the effluent is being released into a
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large deep canal with little re-oxygenation potential. Gammarus distribution favours the upper 
reaches of rivers, is often found to dominate riffles (Williams 1962) and as such, is 
particularly intolerant of low DO levels and will die within 5 hours exposure to concentrations 
below 1 mg O2 I' 1 (Hellawell 1986). Nevertheless the minimum DO level recorded directly 
beneath the STW was 2.8 mg O2 1"1 (July 1998), but a more direct impact of sewage effluent is 
the input of suspended solids and ammonia. This study did not monitor either parameter in 
this stretch of the MSC, although an EA monitoring site is situated at Irlam lock directly 
opposite the DO monitoring site used in the current study (site 7.3). EA data for the survey 
period recorded a mean and maximum ionised ammonia concentration of 2.16 (+ 1.49) and 
7.24 mg NH4+ I"1 and a mean and maximum suspended solid concentration of 11.42 (+ 8.63) 
and 45 mg I'1.
The ammonia levels are higher than those recorded during the same period in the Turning 
Basin, although the SS levels are very similar. During the time it takes for effluent to flow 
from the STW to Irlam, suspended solids will settle out of the water column and ammonia 
will undergo nitrification. Therefore it is reasonable to assume that both of these parameters 
occur at greater concentrations immediately downstream of the STW and their impact upon 
the biota will be greater. Maltby (1995) recorded lowest observed effect concentrations for 
unionised ammonia of 2.14 mg NH3 I' 1 for G. pulex, which is well above the average level 
recorded in the Turning Basin (0.007 mg NH31"). Therefore the absence of Gammarus, which 
naturally occurs further up the catchment is more likely to be due to an absence of suitable 
habitat and substrates.
3.5.3 Fish diversity
The number of fish species found in the survey area is relatively high, considering that most 
of the Mersey Catchment was considered to be fishless in the 1950’s (Hynes 1971). As 
recently as the 1970’s and 80’s few fish were thought to be present in the lower River Irwell 
and MSC (Holland D., Environment Agency Fisheries Officer, pers. comm.). This paucity of 
fish was also reported by local anglers who still fished the River Irwell (Ordsall Angling Club 
members, pers. comm.), although a local population of sticklebacks and stunted roach was 
identified in the MSC in the late 1980’s (Hendry 1991). The present level of fish diversity and 
density has therefore increased markedly in the lower River Irwell and MSC. However 
Hendry (1991) found no species other than roach and stickleback and no further historical 
survey data has been found for the fish population in this area. Therefore the wide range of 
fish species identified in this survey reflects the recolonisation of the survey area by species 
that were previously absent. However it is natural to assume that the roach population found 
in the lower River Irwell and MSC may have derived, at least in part, from the original MSC 
stock described by Hendry (1991).
Fish found elsewhere in the Irwell catchment include sticklebacks, stone loach, chub, brown 
trout, minnows and dace in the River Medlock and sticklebacks, minnows and brown trout 
have been caught in the River Irk (Fitzgerald G, Environment Agency Fisheries Officer, Pers. 
comm.). A similar mix of rheophilic species, dominated by chub and stone loach, was also 
caught in the River Medlock during an electric fishing training session in 1997 (APEM, pers. 
comm). Additional species found by the EA in the upper River Irwell are bullheads, pike, 
roach and perch, whilst fyke nets laid in the River Mersey upstream of Warrington have 
demonstrated the presence of roach, tench, gudgeon, eel and sticklebacks.
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Salford Quays was stocked with 12000 roach, rudd, perch, carp, chub and bream in 1989, and 
more recently with tench. Since a lock connects the Quays to the MSC, it is possible that 
movement has occurred between the two waters. For instance unstocked pike have been 
recorded in the Quays, although whether their presence was due to natural colonisation or an 
unrecorded stocking is unclear. Fish may have also entered the survey area from the 
Bridgewater Canal by a little used lock, which connects the two canals. The Bridgewater 
canal is a well-known fishery, hosting the Angling Times team championship semi-finals in 
May 2001. Species caught during this event were roach, perch, bream and tench, whilst pike 
were also identified from a fish kill in the canal in 1998.
Environment Agency stocking programs have also introduced large numbers of roach since 
1997, and chub and dace since 1993, to the upper reaches of River Irwell and its tributaries 
(Environment Agency North West Region stocking records 1999). 5,500 and 4,000 roach 
were stocked into the upper River Irwell and River Medloclc respectively in 1997 and 1998. 
Over the same period 12,000 chub were stocked into the River Irwell and 19,000 dace and 
30,500 chub were stocked into the Rivers Irk and Medlock. The displacement of stocked fish 
downstream from point of entry is well documented (Linfield 1985), and consequently it is 
reasonable to assume that some roach, dace and chub in the survey area originated from 
stockees. All dace caught in this study fell within the size range 135-190 mm (Zone 3, August 
1998) and scales aged the fish to 3 and 4 years old only. The uniformity of size suggests that 
these fish were stockees, which were introduced no later than 1994.
Sampling bias
Bias in fish sampling techniques may be both size and species selective and are evident in the 
results. Of particular interest is the paucity of fry catches throughout the sampling period. This 
reflects the size selectivity of all the sampling methods used. For instance, anglers will not 
catch fry since hook size and bait choice are used to target older fish. Electric fishing will also 
select for larger individuals which are more strongly effected by the electric current and more 
readily seen and netted during fishing.
Angler’s choice of tackle, hook size and bait will also affect the range of species caught. This 
may explain the relatively low number of roach caught underneath Adelphi Weir, where 
anglers generally use heavily weighted feeders, large hooks and baits such as luncheon meat 
more suited to chub. Smaller hooks and maggots are used further downstream (Zone 4) where 
roach are generally caught, but netting in this area more often caught perch and electric 
fishing in the adjacent Woden Basin caught a wide range of species.
3.5.4 Fish distribution and habitat
The distribution of coarse fish species along the survey area broadly corresponds to flow 
variation. Rheophilic species such as chub and dace are prevalent beneath Adelphi Weir and 
the shallow fast flowing stretch of river immediately downstream (Zones 2 and 3). As the 
water course deepens and flow rate is reduced, the limnophilic species roach and perch 
dominate. This pattern reproduces in miniature the model of natural fish distribution, based 
upon river gradient, described by Huet (1959). However the whole survey area lies within the 
Manchester Plain and as such corresponds to the natural ‘bream zone’ and fish distribution 
probably reflects anthropogenic influences within the survey area. For instance the weir
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creates turbulence, which is preferred by some species and artificially oxygenates the water, 
but will also act as a barrier to upstream movement for species such as chub and dace that can 
become trapped downstream of the weir.
Channelisation of the River Irwell removes flow diversity, although during periods of low 
flow the mouths of small tributaries can act as flow refuges and large shoals of fry were 
observed in the mouth of the River Medlock. However these sites will not protect fish during 
periods of fast flows since the tributaries themselves will also be in spate. Therefore Woden 
Basin provides fish with the only permanent flow refuge within the lentic section of the 
survey area. Fish diversity was particularly high in the basin and large numbers of small fish 
were caught in every electric fishing survey. The basin also supports macrophytes and a 
variety of macroinvertebrate species not found elsewhere in the survey area. As such the 
structural complexity provided by the plants in the basin allows a range of species to cohabit 
in a small space. Of particular interest was the high density of adult pike found in the basin 
(maximum catch 14 individuals, the smallest of which measured 555 mm). The high numbers 
of smaller prey fish and the presence of macrophytes and discarded shopping trolleys, which 
provide cover, presumably attract the pike.
3.5.5 Fish and water quality
The European Community (EC) Directive on the quality of freshwaters needing protection or 
improvement to support fish life (78/659/EEC) provides guidelines and mandatory values for 
a range of water quality parameters (Table 3.10). These figures provide safety margins to 
ensure survival of individual fish and to take into account the additive and synergistic effects 
of combined pollutants.
Table 3.10 Guideline and mandatory water quality values set by the EC Directive for 
freshwater fisheries (G = guideline, I = mandatory: National Rivers 
Authority 1994b)
„ A Cyprinid watersParameter  TG I
Dissolved oxygen 50 %-ile >8 50 %-ile >7
(mg o 2 1'1) min. > 5 min. > 4
pH 95 %-ile 6-9
Suspended solids (mg I'1) Mean <25
BOD5 (mg 0 21"1) 95 %-ile < 6
Unionised ammonia 
O igN H sr1)
95 %-ile < 5 95 %-ile < 25
Ionised ammonia 
(mg NH4+ r 1) 95 %-ile < 0.2 95 %-ile < 1
For the three-year period, from 1998 to 2000, water quality in the MSC Turning Basin failed 
the mandatory, cyprinid water quality parameters for BOD and ionised ammonia, and the 
guideline levels for unionised ammonia. BOD consistently failed to meet the target level, 
measuring over 6 mg O2 I"1 on 43 % of sampling occasions, whilst ionised ammonia
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concentration in the MSC measured over 1 mg NH4 I"1 on 75 % of sampling occasions. 
Unionised ammonia constitutes the more toxic fraction of the total ammonia complex, and 
concentrations in the Turning Basin averaged 8 )JLg NH 3 1' 1 and 75% of samples exceeded the 
guideline concentration of 5 jag NH3 1'1. Unionised ammonia concentrations for the stretch of 
MSC between Barton and Irlam Locks were unavailable from the EA but can be calculated 
from the temperature, pH and total ammonia (N) concentration. This gives a mean and 
maximum unionised ammonia concentration of 11.15 (+ 9.08) and 39.11 |Lig NH 3 I'1, 
considerably higher than the concentrations recorded in the Turning Basin. These high levels 
may explain the paucity of fish observed in this stretch of canal. Of more recent concern is the 
impact of oestrogens in sewage effluent upon fish sexual development and population 
dynamics, and this is addressed in Chapter 5.
Four known pollution events occurred in the vicinity of the survey area between 1998 and 
2000. These were in the Bridgewater Canal, Ashton Canal, Upper River Irwell, and Lower 
Irwell in Salford. The first three incidences led to fish kills, and the pollutants involved, 
including hydrochloric acid, are likely to have entered the lower Irwell and MSC. The fourth 
pollution occurred in the autumn of 1998 and involved a spillage of oil into the River Irwell in 
the vicinity of Salford University. Oil could be seen on the surface of the water throughout the 
length of the survey area, and invertebrate colonisers were heavily contaminated with a tar­
like substance for several months afterwards. No dead fish were seen and the toxicity of the 
pollutant was unknown. It has not been possible to directly address the importance of episodic 
pollution events in shaping the fish community in the study area, and the impact of such 
events upon urban waterways in general. They are inherently unpredictable and transient in 
nature and the receiving waters are often deep lowland or urban waterways, which are 
difficult to sample. Thus sufficient monitoring of an impact can often involve little more than 
a dead fish count.
In such incidences acute toxicity will depend upon concurrent environmental factors such as 
water temperature and DO concentration, and the developmental stages exposed. For instance, 
eggs and larvae are ill-equipped to avoid poor water quality and are more sensitive to 
environmental stress. Therefore poor water quality will also disrupt successful spawning and 
prevent the completion of life cycles by killing eggs and fry. Allan et al. (1958) observed 
gudgeon eggs and roach fry in an effluent channel, however the survival rate of fry was not 
reported and is unlikely to be high. Large numbers of fry are usually observed in the Turning 
Basin during early summer where they congregate around the Quays slipway. Given the lack 
of flow refuges in the river system, it is highly likely that fry will be washed into the Turning 
Basin from spawning sites upstream. The only spawning behaviour observed during the study 
was that seen from a footbridge overlooking submerged macrophytes in the River Irwell (zone 
3). Artificial spawning substrates were placed throughout the survey area in spring 2000 as 
part of a pilot study of spawning and fertilisation success. The results of this study are 
reported in Chapter 6, however it is interesting to note that cyprinid eggs were only observed 
in Woden Basin and these were quickly infested with fungus. Perch egg ribbons were laid in 
the Turning Basin and beneath Adelphi Weir but became white and opaque within 24 hours. 
However young of the year perch were caught with an open water trawl, and cyprinids were 
netted from the bankside, in May 2000 in the Turning Basin. The fry of both catches were 
particularly small and poorly developed to the extent that the cyprinid fry had not yet fully 
completed larval development. This suggests that fish spawning can successfully occur in the 
survey area and that the high egg mortality seen on artificial substrates may be due to 
localised conditions affecting individual sites.
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The total BOD and ammonia concentrations recorded in the Turning Basin were above levels 
set by the EC directive and reflect the high sewage and CSO effluent, and diffuse urban run 
off contamination of the waterway. Nevertheless fish are able to survive in sewage effluent so 
long as DO levels are maintained (Allan et al. 1958, Alabaster 1959, White and Williams 
1978) and the presence of fish throughout the lower River Irwell and upper MSC 
demonstrates that water quality is not completely limiting. Allan et al. (1958) noted that 
exclusion from an effluent channel, due to low DO levels, was common and recolonisation 
was dependent upon the presence of a nearby, unpolluted water. In this context the fish 
populations were not self-sustaining.
The effect of poor water quality on fish health in the Turning Basin is unclear and it is 
reasonable to assume that, given the prevalence of poor conditions recorded in the survey 
area, tolerance to poor water quality will develop. For instance consistent exposure to chronic 
ammonia toxicity will increase a fish’s ability to survive potentially lethal concentrations 
(Hellawell 1986). However, the combined chronic toxicity of high ammonia concentration 
and other pollutants, associated with low DO may have serious effects on the fish health. 
Under such circumstances fish immune systems are depressed and they become more 
susceptible to infections, parasites and pathogens (Svobodova et al. 1993). In addition 
respiratory and osmoregulatory functions may be effected and resources which might 
otherwise be used for growth and development may be redirected to tissue repair. Numerous 
instances of stunted fish populations due to poor water quality have been recorded by previous 
workers (Solbe 1973, Clarke and Fraser 1983), including the roach population in the MSC 15 
years ago, which was thought to be due to poor water quality (Hendry 1991). The current 
coarse fish populations found in the survey area exhibited good condition factors, suggesting a 
healthy population. However any interpretation of condition should take into account the fact 
that they are based upon composites of a wide range of fish age classes and sampling 
occasions. A more in-depth assessment of coarse fish populations is undertaken in the 
following chapter, which describes fish growth rates, density and productivity in the light of 
water quality and its effect on food abundance.
3.6 Summary and conclusion
This chapter describes the invertebrate and fish communities found in the lower River Irwell 
and upper MSC, and the water quality conditions they were exposed to between 1998 and 
2000 .
As the River Irwell flowed downstream to the MSC, depth increased and flow rate decreased. 
This led to a progressive decline in DO concentration as the River Irwell flowed downstream 
from Adelphi Weir, and the lowest DO levels were recorded in the MSC Turning Basin 
(summer DO levels fell to below 2 mg O2 I' 1 in 1998, 1999 and 2000). As the flow rate 
slowed, sedimentation also occurred and the substrate of the watercourse became 
progressively silted. In the upper study zones (Zones 1, 2 and 3) the substrate was stony, but 
by zone 4 and throughout the MSC, deep sediment covered the watercourse bottom.
The invertebrate community of the lower River Irwell and MSC was detrital based and typical 
of a lowland river subject to organic pollution. The crustacean Asellus aquaticus was 
numerically dominant, occurring at estimated densities ranging from 5,000 to 95,000 
individuals m'2. BMWP scores were low throughout the survey area and the highest score was 
33, recorded in the lower River Irwell at site 4. Macroinvertebrate diversity was particularly
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poor downstream of the Daveyhulme STW in Zone 7, where 16 taxa were identified. Habitat 
availability in this stretch of the canal was similar to that of the canal in zones 5 and 6 and the 
particularly low diversity seen in zone 7 was ascribed to poor water quality associated with 
the STW.
Invertebrate diversity and distribution was effected by both water quality and habitat 
availability. Sedimentation reduced the amount of habitat available to macroinvertebrates and 
when coupled with the progressive downstream decline in DO levels, produced qualitative 
and quantitative changes in population structure characterised by a decrease in diversity and 
increase in Asellus and leach numbers. The impact of water quality was illustrated by 
comparing the invertebrate communities of the MSC with Salford Quays, a dockland adjacent 
to the MSC but not directly contaminated with sewage effluent. Both water bodies have a 
similar lack of habitat but the Quays supports several macroinvertebrate species not found in 
the MSC. However where habitat (such as the submerged macrophytes in Woden Basin) was 
found, macroinvertebrate diversity increased.
As recently as ten years ago, the upper MSC was only found to support a population of 
sticklebacks and stunted roach. However improving water quality conditions in the catchment 
has led to the stocking of around 70,000 coarse fish into the Rivers Irk, Medlock and Irwell by 
the Environment Agency since 1993. In addition, several coarse fish stockings have been 
undertaken in Salford Quays over the last 10 years. Therefore it is not entirely surprising that 
eleven species of fish were identified in the survey area during this study and recolinisation of 
the lower River Irwell is probably due at least in part to the immigration of stocked fish. The 
downstream displacement of stocked fish is particularly likely since the banks of the Irwell 
catchment are heavily modified and offer few backwaters for fish to shelter from periods of 
high flow.
Roach and perch were the most common species, contributing 53 and 37 % of the total 
number of fish sampled (total sample size, 1349 fish). Rheophilic species such as chub and 
dace were most common species in the upper sampling zones of the survey area, where the 
River Irwell was relatively shallow and turbulent. Water quality conditions in the MSC failed 
to meet mandatory requirements for BOD and ionised ammonia concentrations, set by the EC 
Directive for freshwater fisheries. As such the survey area does not provide a suitable 
environment for coarse fish. Four pollution events also occurred in the vicinity of the survey 
area during the study period, of which three led to fish kills. The impact of these unpredictable 
events upon the distribution and diversity of a recovering fishery cannot be assessed. 
Nevertheless, despite poor water quality and lack of habitat the condition factor of all species 
sampled except pike, were greater than 1, suggesting that fish health was not necessarily 
compromised.
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4. COARSE FISH PRODUCTIVITY
4.1 Introduction
As coarse fish grow they become better able to exploit the available food resources in their 
habitat and discernible patterns of feeding behaviour associated with the life cycle of both 
roach and perch have been observed (Kempe 1962, Banks 1970, Hellawell 1972, Jamet et al. 
1990). Typically roach feed on plankton when young and gradually switch to benthic fauna, 
and then vegetation and detritus as they grow. However coarse fish are versatile feeders 
whose dietary choice will ultimately depend upon food availability and this can be seen in the 
wide range of feeding preferences reviewed by Michel and Oberdorff (1995).
Primary productivity in the study area is suppressed by high suspended solid concentrations, 
which shade out phytoplankton growth, and water depth in the lower reaches, which restricts 
macrophyte growth. However the lower River Irwell and MSC receive a high organic load 
and the MSC acts as a sink for this material producing a detrital based ecosystem numerically 
dominated by the crustacean Asellus and the fish species roach and perch (see Chapter 3).
The River Irwell is beginning to recovering from historical pollution, macroinvertebrate 
diversity is gradually improving and the fish community is newly established. However the 
MSC consistently fails to meet the mandatory guideline levels set for BOD and ionised 
ammonia in freshwater fisheries as defined by the European Community (Directive 
78/659/EEC in National Rivers Authority 1994b). Despite this, coarse fish condition factors in 
the survey area are relatively high suggesting that high invertebrate biomass and the feeding 
opportunities this provides outweighs the stress involved in inhabiting the survey area. The 
aim of this chapter is to determine the productivity of the dominant fish species (roach and 
perch) and assess relationships to organic pollution.
4.2 Specific objectives
In order to meet the aims of this chapter, the coarse fish population characteristics studied are 
age structure, feeding preference, growth and density. Estimates of biomass and productivity 
can then be made from these parameters. The specific objectives of this study are:
1. To investigate roach and perch population dynamics in the survey area.
2. To produce an estimate of roach and perch productivity in the survey area.
3. To assess the impact of organic pollution upon coarse fish feeding, growth and 
productivity.
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4.3 Methodology
4.3.1 Fish diet
A total of 50 perch and 86 roach were taken from the River Irwell (zone 4), MSC (zone 5 and 
6) and Woden Street Basin (zone 4) for stomach analysis, to determine the feeding 
preferences of these two species. In addition the stomach contents of 14 roach and 15 perch 
from Salford Quays were also examined.
The stomachs of perch and roach were removed to determine the feeding preference of these 
species. The perch stomach is well defined and easily dissected, however the roach alimentary 
tract is uniform with no easily distinguishable stomach and therefore roach stomach content is 
defined as all matter in the first third of the intestinal tract (Jamet et al. 7990). An initial 
subjective measure of fullness was estimated by eye to the nearest 10% for each fish. The 
stomach was then emptied and the contents preserved in 95% alcohol. Food particles were 
identified under a microscope and their total numerical contribution estimated with a 
Sedgewick - Rafter counter cell. All macroinvertebrate and planktonic food items were readily 
identifiable, whilst sediment, vegetation and detritus were defined as inorganic particulate 
matter, green organic material (including algae) and remaining materials respectively. The 
percentage of fish from the MSC, Woden Basin and Salford Quays with food in their 
stomachs was also recorded, along with a visual estimate their fullness.
Stomach analysis was used to calculate:
1. The frequency of occurrence of each food item in the roach and perch populations. This 
assesses the proportion of the population that feeds on each food-type and was 
calculated from the number of stomachs in which a particular food item was found as a 
percentage of all non-empty stomachs.
2. The numerical contribution (percentage contribution by number) of each food item to 
roach and perch diets. This was used to assess the relative abundance of food-types and 
was calculated from the overall numerical contribution of each food item, expressed as a 
percentage of all food items.
Larvae of the spiny headed worm parasite Acanthocephala were found in invertebrate samples 
where they could occasionally be found projecting from broken Asellus. This parasite has a 
life cycle which utilises a crustacean and a vertebrate (commonly a fish), as alternate vectors 
(Brattey 1988). Therefore the complete alimentary canal of roach and perch were also 
dissected and examined for the parasitic worm, whose presence might further indicate a 
feeding reference for Asellus.
4.3.2 Fish growth
Fish growth rates were calculated for roach and perch caught in the River Irwell and MSC 
aged 1+ and older. For comparative purposes roach were also collected from Salford Quays 
during angling matches and from the Bridgewater Canal and Ashton Canal after fish kills in
1998 and 1999 respectively. The Ashton Canal runs through the east of Manchester as a part 
of the Cheshire Ring and is situated 5 km upstream of the Bridgwater Canal. The two canals 
are separated by numerous locks and by a canal around the city centre, which has often been
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de-watered in recent years for maintenance. The Bridgewater Canal runs parallel and only 5 m 
above the Upper MSC. The canals connect directly via two locks at the Medloclc-Irwell 
confluence and at Pomona Docks, although both are rarely used.
In each case three scales were removed from above the lateral line and posterior to the dorsal 
fin since scales from this region are regularly shaped and are amongst the first to develop on 
the body (Bagnal and Tesch 1978). Fish scale diameter increases in proportion to body length 
and as the scales grow ridges analogous to tree rings are laid down. Periods of alternate fast 
and slow growth produce yearly annulus rings, which reflect various environmental factors. In 
temperate regions, where the changes of season are marked, a period of low growth between 
winter and early summer occurs. This produces yearly annuli, visible amongst the growth 
rings. Counting the number of such annuli present on a scale therefore provides a measure of 
the age of a fish.
All scale readings are essentially subjective and variation in age determination is to be 
expected between workers. Therefore an independent worker examined 10 % of scales 
(including those scales that were difficult to interpret) and their interpretation was compared 
to the initial analysis. A consensus on fish age was reached when discrepancies occurred 
between analysis and the scales from similar sized fish of the same catch were re-aged. The 
first annuli can be particularly hard to observe, whilst yearly annuli may be obscured by dense 
growth rings or lost due to scale erosion. In addition, the number of yearly annuli present and 
hence the assumed age of a fish may be overestimated as false checks (caused by periods of 
slow growth or stress) may be mistaken for yearly annuli. Perch scales are particularly 
difficult to interpret since the yearly annulus rings are often obscured by densely spaced 
growth rings. Therefore all perch ageing was supplemented by an analysis of the opercular 
bone, which also revealed yearly growth marks when inspected under a binocular microscope 
(Le Cren 1947). These data have been used as an aide to the identification of age classes on a 
length frequency histogram, and the estimated lengths of these age classes have been used to 
produce a growth curve for perch.
The production of roach growth curves were based upon the fact that scale diameter is 
proportionate to body length, allowing the baclc-calculation of individual fish lengths after 
each year of growth using equation (1) (Bagnal and Tesch 1978):
Ln - a  = ( Sn / S ) * ( L - a )  (1)
Where Ln = length of fish after n years of growth
a = intercept on the length axis, for a body length to scale diameter regression analysis, for all 
scales collected from a species regardless of age.
Sn = scale diameter at age n, measured as diameter of the nth annuli.
S = diameter of the scale.
L = length of the fish
Mean backdated lengths for each cohort can then be used to produce a growth curve for each 
age group, which can be combined to produce a curve for the entire population. Curves can 
be described as representing relatively fast or slow growth rates by comparing them to a 
species-specific standard (Hickley and Dexter 1979). This standard defines a normal length 
for roach at each age group calculated from previously published growth data. The growth
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rate o f  roach in  the R iver Irw ell and M SC, Salford Quays, B ridgew ater Canal and A shton 
Canal w ere rated  against the roach grow th standard and assigned a grow th score (H ickley and 
D exter 1979). A  roach  population scoring 100 on the standard scale is typical o f  that species 
and those grow ing faster or slow er w ill score m ore or less respectively.
4.3.3 SO N A R  su rveys
H ydro acoustic surveys utilise the ability o f  a transducer to convert electrical energy into a 
transm itted directional beam  o f  sound waves. This beam  is reflected  back  to the transducer by 
a fish air sac. The transducer converts the reflected  sound w aves back into electrical signals 
for am plification, data storage, post-processing and display. Traditionally  the SO N A R  beam  is 
directed vertically  dow n into the w ater body (B urczynski e t al. 1987). H ow ever in  shallow  
lakes range is restricted, and the volum e o f  w ater inspected by  the beam  is relatively  sm all in 
relation to that o f  the w ater body. The use o f  horizontal sonar is particularly  suited to  shallow  
w ater bodies o f  depths betw een l-5 m  since it w ill allow  a  greater volum e o f  w ater to be 
assessed.
M onthly m obile SO N A R  surveys were undertaken along the length o f  the upper M SC (zones
5 and 6, Figure 4 .1) to provide snapshot data on the relative positions and num bers o f  fish. 
The surveys w ere undertaken  w ith a Sim rad EY 500 dual beam  horizontal sonar (120 Hz). 
M obile surveys fo llow ed the left and right hand bank o f  the canal, starting and finishing at 
M ode W heel Locks. Tw o additional transects w ere undertaken through the m iddle o f  the 
Turning Basin, running from  the N orthw est edge to  the Southeast and back. The sam e route 
was follow ed each m onth, over a 3 hour period around m idday, to ensure com parability  o f  
results. SO N A R  surveys should ideally be undertaken during the evening w hen fish activity is 
h igh but the M anchester Ship Canal Com pany, w hich owns the canal, did not allow  this.
F ig u re  4.1 M a p  o f  M S C  (zones 5 a n d  6) show ing th e  S O N A R  su rv ey  ro u te  a n d  th e  8 
a re a s  covered . T he  tw o sites u sed  fo r  s ta tio n a ry  SO N A R  su rveys ( • )  
d e sc rib e d  in  C h a p te r  5 a re  also show n
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The dual beam allows in situ estimates of fish target strength and post-processing of data with 
Simrad EP500 computer software, which produced an estimate of fish density. For the 
purposes of data analysis the survey route was divided into 8 sections (Table 4.1, Figure 4.1). 
Fish density was then calculated for each section independently.
Table 4.1 The surface area of each section of the MSC surveyed by the Simrad EY500 
SONAR
Section Surface area (m2)
Downstream of Turning Basin 64975
North Bay 10500
Turning Basin 98514
South Bay 19500
Upstream of Turning Basin 9600
Downstream of Pomona 36162
Pomona Dock 8000
Upstream of Pomona 52850
4.3.4 Fish productivity
The most accurate method of estimating production is to follow the growth and density of a 
single age class throughout its life cycle, but where this is not possible the various age classes 
present at any one time may be used to express a composite life cycle (Le Cren 1972). 
Productivity may be calculated either numerically or graphically (Chapman 1978). For the 
purpose of this study, the graphical method based upon an Allen curve, which does not require 
a fixed model of growth or mortality (Chapman 1978), has been used. The Allen curve is a 
graph of mean weight plotted against numbers of fish, whereby the area under the graph 
equals the elaboration of biomass by the population over the range of fish ages represented.
Productivity has been estimated for both roach and perch populations. The composite roach 
life cycle used in this study is based upon fish caught over two survey-years whose scales 
allow backdating of length to the 1st May of the sampling year. The true contribution of 0+ 
and 1+ roach was not available as few representatives of these age classes were caught and 
therefore the Allen curve has been applied to adult fish only. A composite of backdated roach 
lengths covering two years sampling provides:
1. An adjustment to the variable year class strengths typical of coarse fish populations, 
which enables the Allen curve to more closely resemble that typical of a single year 
class followed throughout its life.
2. A standardised mean length for each age class, which can be used to estimate mean 
weight based upon the length-weight relationship for all fish caught.
The composite life cycle for perch was based upon fish caught in July and August 1999, and 
includes 1+ juveniles.
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4 .4  R e s u l t s
4.4.1 A ge s tru c tu re
R oach length  frequency histogram s for fish caught in 1998-99 and 1999-2000 both  
dem onstrate a  w ide range o f  year classes w hose relative abundance appears to  alternate 
betw een years (Figure 4.2 a-b).
(a) 1998-1999
F ig u re  4.2
Length (mm)
L e n g th  f re q u e n c y  h is to g ram s b a c k d a te d  to  th e  n o m in a l b i r th  d a te  o f  1st 
M a y  fo r  ro a c h  c a u g h t in  th e  low er R iv e r  Irw e ll  a n d  u p p e r  M S C  in  (a) 1998-
1999 (N =108) a n d  (b) 1999-2000 (N =102). E s tim a te d  len g th  ra n g e  o f  age 
classes a re  b a sed  u p o n  scale read in g s
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Strong 2 and 4, and weak 3 and 5 year old cohorts are evident in 1998-1999, and this pattern 
is repeated the following year as the population ages, such that strong 3 and 5, and weak 4 and
6 year old age classes were observed in 1999-2000.
Roach length frequency histograms do not reflect the true contribution of young of the year 
and 1+ fish. Large numbers of these age classes were caught during electric fishing of Woden 
Basin, but only enough scales were taken from these individuals to confirm the age of these 
cohorts and as such an estimate of length on their nominal birthdays are not known.
Numerous small roach were caught (less than 100 mm long) in Woden Basin during the 
quarterly electric fishing surveys and the ages of these fish have been estimated, based upon 
their length frequency distribution and the scale readings of similarly sized individuals. These 
data have been combined with the distribution of age classes described in Figure 4.2 (a and b) 
to provide a measure of year class contribution to the roach population (Table 4.2). Individual 
year classes also demonstrate an alternating pattern of year class contribution to the overall 
population.
Table 4.2 Numbers of roach caught during the survey period (1998-2000) and the
contribution of individual year classes (for all fish caught in the lower River 
Irwell and upper MSC)
1998-99 1999-00 1998-2000 combined
Year
class
Number
caught
% contribution 
to population
Number
caught
% contribution 
to population
Number
caught
% contribution 
to population
1990 1 1 5 2 6 1
1991 8 5 9 3 17 4
1992 6 4 9 3 15 3
1993 4 3 0 0 4 1
1994 31 21 10 3 41 9
1995 13 9 11 4 24 5
1996 42 29 27 9 69 16
1997 11 8 17 6 28 6
1998 30 21 183 62 213 48
1999 25 8 25 6
TOT 146 296 442
The perch length frequency histogram is not based upon back dated lengths, but instead uses 
the lengths of fish caught in July and August 1999, which shows a wide range of year classes 
(Figure 4.3) and is dominated by fish less than 130 mm (< 3 years old). However individual 
fish above 130 mm are also common.
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Length (mm)
F ig u re  4.3 L e n g th  fre q u e n c y  h is to g ra m  fo r P e rc h  c a u g h t in  J u ly  a n d  A u g u st 1999 in  
th e  M S C  a n d  low er R iv e r  Irw ell (N=170) 
4.4.2 F ish  d ie t
The m ajority  o f  fish sam pled had recently  been feeding w ith  over 65 %  o f  roach and perch 
stom achs containing food in both W oden B asin  and M SC  (Table 4.3). H ow ever this w ill not 
necessarily  reflect feeding behaviour since fish caught by  gill net and electric fishing m ay 
regurgitate stom ach contents. This w ould result in  an underestim ate o f  stom ach fullness and 
m ay account for the m ean percentage fullness for stom achs in  feeding fish being below  50 %.
B oth  roach and perch  in the m ain M SC  channel fed prim arily  upon Asellus, w ith the 
crustacean num erically  constituting 58 and 82 %  o f  their respective diets (Figure 4.4). 
H ow ever roach took  a greater am ount o f  sedim ent, detritus and vegetation, w hich accounted 
for the m ajority  o f  this species rem aining stom ach contents. R oach in the M SC  show ed no 
change in feeding behaviour associated w ith age.
A sellus also accounted for 59 % o f  the stom ach content o f  perch  taken from  W oden Basin, for 
w hich the second m ost im portant food item  was sm all fish. These fish appeared to resem ble 
young roach, although an  exact identification was not possible. R oach taken from  W oden 
B asin  had not fed  upon A sellus, bu t sedim ent and zooplankton w ere prevalent. Zooplankters 
eaten by roach w ere copepods and the sm all-bodied cladocera Chyderous sp. A dditional food 
item s that contributed less than  2%  o f  stom ach contents included sim ulidae and Chironomidae 
fly larvae.
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T ab le  4.3 P ro p o rtio n  o f  fish feeding , m ean  e s tim a ted  %  stom ach  fullness (fo r feeding  
fish) a n d  th e  freq u en cy  o f o c c u rre n ce  o f  each  food-type  fo r ro a c h  a n d  p e rc h  
ta k e n  fro m  W oden  B asin  (W B ) in  Z one  4, the  u p p e r  M a n c h e s te r  Ship 
C a n a l (M SC ) a n d  S a lfo rd  Q uays (SQ)
SQ
Roach
W B M SC SQ
Perch
W B M SC
Sam ple size 15 10 77 20 32 17
N um ber feeding 10 8 52 11 22 17
%  fullness 46 31 50 65 47 39
Food-type
Fish
G am m arus sp.
Asellus sp.
Chironom idae
Sim ulidae
O ligochaetae
Leach
Copepod
Chydorous sp.
Bosm ina sp.
Sedim ent
Detritus
V egetation
Frequency o f  occurrence (%  o f  feeding fish in w hich food-type found)
4
8
4
24
8
32
20
36
14
29
7
14
34
3
34
23
5
6
12
35
1
23
0
23
18
54
7
11
7
4
63
6
6
6
6
6
□  Sediment
■  Detritus
□  Vegetation
□  Asellus
□  Chironomide
□  Copepod 
□ Chydorous 
ES Bosmina
■  Fish
□  Leeches
F ig u re  4.4 N u m e ric a l c o n tr ib u tio n  (% ) o f  food-types to th e  overa ll d ie t o f ro ach  an d  
p e rc h  (aged  > 2+) tak e n  fro m  W oden  B asin  (W B) in  Z one  4, th e  u p p e r  
M a n c h e s te r  Ship  C a n a l (M S C ) a n d  S a lfo rd  Q uays (SQ ). O n ly  those  food- 
types w h ich  c o n tr ib u tin g  >  2 %  o f  d ie t a re  included
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The stomach contents of roach and perch taken from Salford Quays both contained relatively 
large numbers of chironomid larvae. Sampling of these fish was undertaken during a period of 
heavy angling and these larvae were believed to have originated from anglers ground bait. 
Otherwise roach fed primarily upon vegetation and detritus, whilst perch took Asellus and 
copepods.
Young (0+ and 1+) roach and perch caught in Woden Basin, and young roach caught in the 
Turning Basin during the summer of 1999, fed predominantly on zooplankton (Table 4.4). 
Only a single roach taken from Woden Basin had fed on Asellus although an additional 
sample of 1+ roach caught in Woden Basin in March 1999 had fed predominantly on Asellus. 
However these fish were larger (mean length 61 mm) and thus presumably older than those 
feeding on zooplankton (mean length 38 mm) in the summer, and the diets appeared to be 
mutually exclusive in all but one individual.
Table 4.4 Stomach contents and numerical contribution (%) of food items for roach 
and perch aged < 1+ years old, taken from the MSC and Woden Basin 
(WB) during the summer 1999
Roach 
MSC WB
Perch
WB
N 19 11 16
% feeding 89 100 1 0 0
Sediment 18 5
Algae 3
Asellus aquaticus 17 < 1
Beetle 2
Chironomidae 1 3
Oligochaetae < 1 2
Copepod 2  < 1 60
Chydorous sp. 2 31 18
Bosmina sp. 76 39 6
Ceriodaphnia sp. 9
Zooplankton nauplii 2
Rotifer 2 4
The alimentary canal of all roach and perch were completely dissected and examined for 
parasitic acanthocephala worms. This parasite occurred in 84 % of perch intestines but were 
absent in roach. The mean number of acanthocephala per perch was 11 and the maximum 
number recorded was 43, found in one of the largest perch seen (253 mm long). The presence 
of acanthocephala in perch intestines clearly shows the importance of Asellus to their diet. 
However the reason why they were absent from roach alimentary tracts is unclear since roach 
also feed upon Asellus.
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4.4.3 Growth
Roach caught in both the MSC Turning Basin (Zone 6) and River Irwell (zone 4), between the 
springs of 1998 to 1999 and 1999 to 2000, show very similar estimated growth rates (Figure 
4.5). Therefore growth data has been combined to produce a single composite set of 
backdated lengths for the whole roach population (Table 4.5, Figure 4.6).
Figure 4.5 Backdated roach growth curves for the River Irwell (RI) and Manchester 
Ship Canal (MSC), for 1998-1999 and 1999-2000
The backdated lengths of each year class in the roach population shows a high degree of 
similarity between specific ages, with all fish attaining a length over 60 mm in the first year 
(Table 4.5). The 1996 and 1994 year classes numerically dominate the adult roach population 
(Table 4.2) and fast growth rates during the first few years of development are seen in these 
year classes.
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Table 4.5 Backdated lengths of roach caught in the River Irwell and MSC between 
1998 and 2000
Cohort No. of fish 1 2
Backdated length (mm) at age (yr) 
3 4 5 6  7 8 9
1998 1 2 60
1997 15 65 92
1996 67 64 96 129
1995 23 64 92 129 154
1994 41 6 6 1 0 0 138 176 195
1993 4 6 6 89 135 182 199 227
1992 16 61 90 125 169 205 231 240
1991 16 62 91 127 162 198 224 243 256
1990 6 61 95 138 170 197 226 250 266 278
MEAN 64 95 131 170 199 227 243 260 278
The sex of 63 roach caught in the MSC and River Irwell were determined during this study, 
and male and female growth rates are very similar up to the estimated age of 4 (Figure 4.6). 
Male growth rate slows down beyond this age. However any comparison must take into 
account the small male sample size whereby only three males aged over 3 years old were 
caught.
Age (yr)
Figure 4.6 Estimated growth curves for male (N=17) and female (N=46) roach from 
the River Irwell and MSC 1998-2000. A composite growth curve (N=236) 
for roach of unknown sex is also included
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Roach in the River Irwell and MSC grow faster (standard growth score of 111) than roach in 
Salford Quays and the Bridgewater and Ashton Canals (Table 4.6, Figure 4.7). The slowest 
growth rate was recorded in the Bridgewater Canal (standard growth score of 81), whilst 
roach in Salford Quays and the Ashton Canal have growth rates similar to the expected norm 
as defined by Hickley and Dexter (1979).
Table 4.6 Growth data and growth standard scores for roach taken from the River 
Irwell and Manchester Ship Canal (MSC), Salford Quays (SQ), and 
Bridgwater (BC) and Ashton Canals (AC) The Hickley and Dexter (1979) 
standard is also included
Backdated length (mm) at age (yr)
1 2 3 4 5 6  7 8  9 1 0  Standard score
MSC 64 95 131 170 199 227 243 260 278 1 1 1
SQ 6 8 93 129 158 178 2 0 1 218 227 104
BC 60 73 89 1 1 0 128 146 181 198 81
AC 50 75 109 145 178 2 0 1 2 2 0 232 246 252 95
Standard 50 92 127 156 181 2 0 2 219 234 246 256 1 0 0
Age
Figure 4.7 Roach growth curves Salford Quays, Bridgwater Canal, Ashton Canal and 
MSC
The perch growth curve shows two periods of relatively fast growth (Figure 4.8), one during 
the first year of life and another when over three years old. The second perch growth phase 
corresponds with an estimated body length of approximately 130 mm and appears to be
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maintained until al least 8 years old. However the age of such large perch may be 
underestimated since some annular rings at the outer edge of the scale may not be visible.
A ge (yr)
Figure 4.8 Estimated growth curve for perch caught in the MSC and River Irwell in 
July and August 1999 
4.4.4 Fish density
Monthly horizontal SONAR surveys estimated overall fish density in the upper MSC to be 
between 0.02 and 0.24 fish m'2 from 1998 to 2000 (Figure 4.9). The temporal distribution of 
fish throughout the entire system shows a cyclic pattern, with peaks in the summer and lows 
in the winter, which is positively correlated with water temperature (Pearson correlation 
R=0.546, P=0.016).
R&D TECHNICAL REPORT W2-030/TR 82
F ig u re  4.9 M ean  m o n th ly  te m p e ra tu re  a n d  estim a ted  fish density  (fish m '2) in  the  M SC  
(zone 5 a n d  6), b ased  u p o n  m o n th ly  SO N A R  su rveys, be tw een  A p ril 1998 
a n d  F e b ru a ry  2000 (no surveys u n d e r ta k e n  in  O c to b e r  1998 an d  A u g u st 
a n d  D ecem b er 1999)
The relationship betw een fish density and tem perature is even m ore m arked w hen only the 
Turning Basin is exam ined (Pearson correlation R=0.652, P 0.003). H ow ever the M SC 
sedim ent produces large quantities o f  m ethane during w arm  periods (Boult and H endry 1995), 
w hich was evident as bubbles on the surface during SO N A R surveys undertaken w hen the 
w ater was relatively warm . Bubbles m ay be m istaken during SO N A R post-processing for fish 
sw im bladders and fish density  w ill be over estim ated w hen this occurs.
Gill netting was carried out in the Turning Basin at the same tim e as SO N A R surveys during 
1999 (Table 4.7). Estim ated fish density and gill net catch (per hour) show ed no correlation 
(Pearson correlation R=0.315, P=0.410), w hich further suggests that SO NA R estim ates o f  fish 
density  m ay not be accurate. This illustrates a potential problem  o f  using this technique in 
such polluted urban waters.
W hen the w ater tem perature is low, bubbling rate is also low and the SO NA R target density 
w ill m ore closely reflect fish density in the SO N A R beam . The fish density estim ated for the 
w hole survey area varied betw een 0.02 and 0.2 fish m ' for surveys where the m onthly m ean 
w ater tem perature was below  10 °C. Fish distributions consistently dem onstrate relatively 
high fish densities in the Turning Basin and low er end o f  the canal, dow nstream  o f  Pom ona 
Dock. Low  fish density w as m ost often recorded in the large open docks up and dow nstream  
o f  Salford Quays and in Pom ona Dock. The distribution o f  fish in the survey area during a 
typical survey undertaken w hen the w ater was cold and no bubbles could be seen on the 
surface o f  the w ater (February 1999 survey, w ater tem perature 6 °C) is shown in Table 4.8.
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Table 4.7 Number of fish caught by gill netting (per hour), estimated fish density (m'2) 
from SONAR and water quality parameters in the Turning Basin during 
1999 (Net not set in May)
Month Gill net catch 
(hr'1)
Density 
(fish m'2)
DO
(% saturation)
Temp.
(°C)
Jan 20 0.03 79 6
Feb 10 0.06 84 6
Mar 7 0.06 67 9
Apr 0 0.04 71 11
May 0.13 45 15
Jun 7 0.20 49 16
Jul 3 0.14 25 19
Sep 27 0.20 32 15
Oct 3 0.09 54 11
Nov 2 0.06 68 7
ible 4.8 Fish density distribution in the MSC, estimated by a SONAR survey
undertaken in February 1999. Biomass is based upon the geometric mean
weight of roach larger than the threshold detection level of 70 mm
(geometric mean 45 g)
Fish density Number BiomassArea (in2) of fish (kg ha'1)
Downstream of Turning Basin 0.061 3978 28
North Basin 0.005 49 2
Turning Basin 0.062 6076 28
South Basin 0.001 11 0
Upstream of Turning Basin 0.014 133 6
Downstream of Pomona Dock 0.023 837 10
Pomona Dock 0.008 61 3
Upstream of Pomona Dock 0.001 49 0
TOTAL 0.037 11193 17
The highest fish density recorded during these months was in January 1999, when the 
Manchester Ship Canal Company was dredging the MSC below Pomona. Dredging of the 
navigational channel of the canal, from Mode Wheel Lock to Pomona Lock, is undertaken 
annually to maintain depth and lasts approximately one week. This process disturbs a large 
amount of material and releases gases trapped in the sediment, both of which may result in the 
detection of false targets by the SONAR and subsequently an overestimate of fish density. 
However high fish densities were also recorded upstream of the dredged area (Upstream of 
Pomona Dock) during the January 1999 survey. This was attributed to the disturbance and 
movement of fish upstream from the dredged area, into the undisturbed section of the SONAR 
route.
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D uring the passage o f  SO N A R  surveys, it becam e evident that different sections o f  the survey 
area produce different am ounts o f  bubbling and this was attributed to differential deposition o f 
organic m aterial. In  som e areas organic m atter does not build  up and decom pose to the degree 
seen in  the M SC  Turning Basin. One such section included in  the SO N A R survey was the 
section o f  canal upstream  o f  Pom ona D ocks. This section m aintains a reasonable flow, 
ensuring that deposition is less prevalent and DO levels (ranging from  13.2 to 4.1 m g O2 I"1 
during the survey period) are m aintained above those concentrations found in  the Turning 
Basin. Estim ates o f  fish density in the M SC  upstream  o f  Pom ona Docks w ere therefore 
considered to be accurate and show ed a seasonal pattern  o f  variation (Figure 4.10), w hereby 
fish density (determ ined by  SONAR) w as relatively h igh during the sum m er and low  in the 
winter.
F ig u re  4.10 T e m p o ra l v a ria tio n  in  fish  density  (fish  p e r  m"2) in  th e  M S C  u p s tre a m  of 
P o m o n a  D o ck  fro m  A p ril  1998 to  F e b ru a ry  2000
The highest fish densities upstream  o f  Pom ona D ock during the survey period w ere recorded 
in July (0.11 fish m '2) and June (0.05 fish m '2) respectively. The low est fish densities w ere 
recorded in February for both  the 1998/99 and 1999/2000 w inters (0.001 fish m 2 and 0.003 
fish m '2 respectively). A  significant exception to this occurred in January 2000 w hen fish 
density  was recorded as 0.08 fish m '2. This survey was undertaken w hilst the M SC w as being 
dredged and was thought to  be due to the upstream  displacem ent o f  fish from  the dredged 
area.
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A composite age frequency distribution for adult roach, based upon sampling over 1998 and 
1999 is shown in Table 4.9, and is used to produce an Allen curve for this sub sample of the 
population (Figure 4.11).
Table 4.9 Composite roach age frequency distribution, with mean length and
estimated weight (calculated from the length-weight relationship W = 2x10"6 
L3 4569) for each age class
4.4.5 Productivity
Age class
(yr)
No. of fish Mean length (mm)
Mean estimated 
weight (g)
2 52 95 12
3 55 133 38
4 44 174 95
5 16 196 141
6 7 239 275
7 15 241 286
8 11 260 374
9 4 274 445
Mean wt (g)
Figure 4.11 Allen curve, plotting mean weight against number of fish, for all identified 
roach age classes, in the lower River Irwell and MSC. Area under the curve 
equals the productivity of 204 fish aged 2 to 8 years old
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The area under the Allen curve is equal to a biomass of 9032 g, produced over 7 years. This is 
equivalent to adult roach productivity in the Turning Basin of 2.7 kg ha"1 yr'1, based upon the 
fish density estimated by SONAR surveys in April 1998 and 1999, and a measure of species 
composition estimated by gill netting in the Turning Basin (Table 4.10). Adult roach 
productivity falls to 2.1 kg ha'1 yr"1 when the whole SONAR survey area is considered, 
reflecting the overall low density of fish in the MSC.
Table 4.10 Calculation of roach adult productivity based upon an Allen curve for 204 
fish and SONAR estimates of fish density
Parameter Value
Area underneath the Allen curve 9032 g
Adult production of 204 fish over 7 years 1290 g yr''1
Mean fish density in Turning Basin in f  „  -i
April 1998 and 1999
Proportion of roach in gill net catch 90 %
Mean roach density 425 fish Ha"1
Roach productivity 2.7 Kg ha"1 yr'
A similar approach can be undertaken for the perch population, although any underestimate in 
the ageing of older fish will result in an overestimate of overall productivity. The area under 
the Allen curve is equal to a biomass of 2114 g, produced over 7 years by 109 perch. This is 
equivalent to perch productivity in the Turning Basin of 1 Kg ha'1 Yr"1 (Figure 4.12, Table 
4.11).
Mean wt (g)
Figure 4.12 Allen curve, plotting mean weight against number of fish, for all identified 
perch age classes, in the lower River Irwell and MSC. Area under the curve 
equals productivity of 109 fish over 7 years
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Table 4.11 Calculation of perch adult productivity based upon an Allen curve for 109 
fish and SONAR estimates of fish density
Parameter Value
Area underneath Allen curve 2114 g
Production of 109 fish over 7 years 302 g yr'1
Mean fish density in April 1998 and 1999 361 fish Ha'1
Proportion of perch in gill net catch 1 0 %
Mean perch density 36 fish Ha'1
Perch productivity 1.0 kg ha'1
This method of estimating roach and perch productivity can also be applied to the upper end 
of the MSC, above Pomona where bubbling does not occur and therefore relatively more 
accurate population estimates are available. The relative contribution of roach and perch to the 
fish population in this area differs from the Turning Basin, with relative perch abundance 
increasing (see Chapter 3). Roach and perch productivity in the MSC upstream of Pomona, 
estimated from mean population estimates recorded in the summers of 1998 and 1999 (June -  
Aug), is 1.5 and 0.7 kg ha'1 yr"1 respectively.
4.5 Discussion
Roach length frequency data shows a wide range of year classes, demonstrating that 
recruitment to the adult population occurs. However recruitment may not be due to spawning 
within the survey area but the arrival of fish from further upstream. Numerous fry are 
observed in the Turning Basin, but mortality rates throughout the study area and in particular 
the Turning Basin due to poor water quality are not known. The impact of poor water quality 
may lead to poor recruitment through either acute or chronic effects. Acute impacts include 
low DO events, which can result in fish kills. Few dead fish are seen in the Turning Basin 
during the summer, suggesting that when DO levels are low fish are able to seek refuge 
upstream. However fry are less able to avoid areas of poor water since their swimming 
capabilities are relatively under developed. In addition the lack of flow refuges upstream in 
the river system ensures that young fish are more likely to be displaced into the canal system 
where even if water quality conditions do not directly result in high mortality rates, they will 
have a chronic effect upon fish development. Energy that might normally be spent upon 
growth and development will be required for repair and as such winter survival rates may be 
reduced.
The alternating pattern of strong and weak year classes observed in the study area does not 
reflect a typical coarse fish population structure, which is often dominated by a single year 
class (Cragg-Hine and Jones 1969, Banks 1970, Mann 1973, Goldspinlc 1978,). However it 
should be realised that this data set represents a variety of sampling techniques and different 
sized fish will have received disparate catch effort. In particular the paucity of young of the 
year in the 1998-99 and 1999-2000 samples reflects the poor response of fry to electric fishing 
and the difficulty of their sampling without dedicated equipment such as a small mesh open 
water trawl.
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Stocking of roach into the catchment, upstream of the study area, was undertaken by the EA 
in 1997 and 1998. The population structure observed in this study is therefore likely to reflect 
the presence of these fish if it is assumed that some stockees are washed downstream into the 
study area. The arrival of stocked juvenile fish will result in increased competition for 
planktonic food in the lower reaches of the River Irwell and upper MSC, although 
zooplankton densities are already low in the MSC (APEM 1995) since high suspended solids 
shade out phytoplankton. Stocked fish may out-compete younger fish in the survey area and 
consequently the poor year class in 1997 may have been caused by a strong 1996 year class 
composed primarily of stocked fish. However the pattern of alternating recruitment success 
appears to persist since 1992 for at least 7 generations, and the impact of the relatively recent 
stockings in 1997 and 1998 does not explain the changes prior to this time.
Coarse fish recruitment is usually determined by environmental factors, of which the most 
important is summer temperature (Mills and Mann 1985). However Cryer et al. (1986) and 
Wyatt (1988) have both described alternating patterns of high and low roach year class 
recruitment in small eutrophic lakes. Recruitment in such cases is density dependent and 
requires a very young breeding population and absence of older breeding stock (Townsend 
and Perrow 1989). In such cases the young of the year and the breeding population will 
compete for zooplankton and a series of annual bottlenecks can occur, reducing fecundity or 
fry survival alternately. However older breeding stock are not absent from the roach 
population in the survey area and are able to utilise food resources unavailable to young fish, 
allowing resource partitioning to occur. Therefore a strong emerging year class should not be 
able to depress the fecundity of the following year’s spawners.
A mechanism of density dependent recruitment may still function in the River Irwell and 
MSC. Cryer et al. (1986) found that during years of good recruitment, competition for food 
resulted in a slow growth rate and this would be expected in the MSC, where zooplankton 
density may be a limiting food resource for small fish. Slow growth would delay a switch 
from plankton food to Asellus, increasing the period of competition between 1+ and 0+ year 
classes. Thus an abundant but slow growing 1+ age class may suppress the 0+ year. However 
fry and juvenile growth rates and feeding behaviour were not fully investigated during this 
study and such studies would be required to investigate recruitment mechanisms. Indeed the 
question still exists as to whether recruitment to the fishery is via spawning in the survey area, 
and if so where, or from the arrival of young fish entering the system from upstream (See 
section 3.5.3 and 3.5.4)
4.5.1 Feeding preference
The utilisation of Asellus as a food resource is not uncommon in roach and perch (Allen et al. 
1958, Banks 1970, McCormack and Le Cren 1970, Persson 1983b). McCormack and Le Cren 
(1970) described a typical pattern of feeding preference associated with growth and increasing 
body size in a review of perch population dynamics in Lake Windermere. Perch fed upon 
zooplankton, then benthic invertebrates and finally fish as they grew (Allen 1935 cited in 
McCormack and Le Cren 1970). However in more recent years Asellus had increased in 
dietary contribution (McCormack 1970 cited in McCormack and Le Cren 1970), although the 
author offers no reason for this change. Banks (1970) reported that both perch and roach feed 
preferentially upon Asellus in the winter, but show a summer preference for Chironomids. The 
role of Asellus as a winter food resource has also been observed for fish living in a sewage 
channel in the Colne Valley (Allen et al. 1958). In that waterway Asellus were available as a
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food resource throughout the year and made up a significant proportion of the diet of perch, 
roach gudgeon and tench. Perch fed primarily upon Chironomids in the summer and, 
secondarily, upon Asellus in the winter. Roach fed primarily upon Asellus and Chironomids 
throughout the year. The low level of Chironomids in the diet of roach and perch in the River 
Irwell and MSC presumably reflects the paucity of these invertebrates. However the sampling 
of fish stomachs and their analysis was not sufficient to investigate seasonal feeding variations 
as roach were only sampled in the MSC in January and March.
Woden Basin acts as a backwater, providing a flow refuge for small fish and is colonised by 
submerged macrophytes in the summer, which support an increased diversity of invertebrates. 
The dock also supports zooplankton, which reduces inter-specific competition for food 
between roach and perch since they can feed differentially. By functioning as a flow refuge 
for small fish the dock may also attract piscivorous predators such as large perch and pike. 
Pike will also be attracted to the dock because the macrophytes that grow there offer cover for 
their hunting strategy. Piscivory in perch generally develops as fish exceed 170 mm 
(McCormack and Le Cren 1970, Banks 1970) and in Woden Basin the majority of perch over 
this length had fed on fish. However piscivory was not observed in large perch caught in the 
River Irwell and as such the dock also reduces intra-specific competition for food between 
perch. These observations highlight the importance of relatively small habitat features, such as 
Woden Basin, in the ecological function of homogenous waterways.
4.5.2 Growth
The growth rate of roach caught in the River Irwell and MSC is fast (scoring 111 when 
compared to the roach growth standard defined by Hickley and Dexter 1979) and exceeds that 
of other local populations in Salford Quays, the Bridgwater Canal and Ashton Canal (Figure 
4.6, Table 4.6). Despite all the roach being collected from watercourses within 6 km of each 
other, the difference between their growth rates suggests that these populations are not 
contiguous and can be considered as distinct.
Fast roach growth in the MSC appears to be due to an abundance of Asellus, which dominates 
the diet. High Asellus density in the MSC is maintained throughout the year because of the 
continuous organic inputs, derived from the entire Irwell catchment, which are carried into the 
canal system by the River Irwell. Low flow systems such as the Bridgwater Canal and Salford 
Quays are not sinks for large amounts of organic material and do not receive this fertilising 
input, and productivity is consequently lower. As roach age, a switch in food choice in favour 
of detritus and vegetation is often noted. These food resources are of a relatively low energy 
content but their abundance permits fast feeding rates for large fish not subject to a predation 
risk (Persson 1983b, Jamet et al. 7990). In the MSC the abundance of Asellus also reduces 
foraging time and larger roach do not appear to switch to detritus since an easily accessible 
and more nutritious animal food resource is available.
A study of the invertebrate community in the Bridgewater Canal (Manchester University 
undergraduate project, unpublished 1999) and monitoring of Salford Quays (APEM 1998- 
1999) shows a fauna both quantitatively and qualitatively different from that recorded in the 
MSC (see Chapter 3). All three water bodies are numerically dominated by Asellus. However 
whereas the MSC averages between 8 to 10 thousand individual invertebrates per monthly 
coloniser sample, Salford Quays averages only 165, although the better water quality in the 
Quays results in the presence of many more invertebrate species. The invertebrate community
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of the Bridgwater canal was also found to include numerous Asellus, but also large numbers 
of zebra mussels. Roach growth rate in the Bridgewater Canal was lower than that of other 
sites despite a good mollusc population, whose utilisation as a food resource is a common 
feature of fast growing roach populations (Kempe 1962, Mann 1973, Hellawell 1972, 
Templeton 1969). One possible reason for a slow growth rate is a high fish density, which 
leads to increased competition for food. A second explanation may be the regular recreational 
boat traffic on the Bridgewater Canal, which has been shown to result in increased turbidity, 
and subsequently reduced fish diversity, biomass and growth rates (Pygott et al. 7990).
High roach growth rates, similar to that recorded in the current study, have previously been 
recorded in the catchment, in Salford Quays following isolation from the MSC and initial 
stocking. The growth rate of roach in the Quays scored 117 against the roach growth standard 
(Hendry et al. 7993), but growth rates gradually declined as the fishery became established 
and matured (APEM 1999). The roach growth rates recorded in the lower River Irwell and 
upper MSC and initially in Salford Quays, are due to an abundance of food. Mann (1973) 
describes a similar scenario in newly created fisheries where fish growth is initially rapid, as 
unexploited food reserves become available. However as the system stabilises a shift from the 
initial eutrophic condition occurs and food resources will approach those of established lakes 
resulting in decreased growth. Such a decrease has been recorded in Salford Quays, but may 
not occur in the River Irwell and MSC since the system is in effect continuously fertilised by 
organic inputs.
Kempe (1962) reports on the fastest roach growth rate currently published where individuals 
measured over 300 mm by 7 years of age in Lake Glaningen, Sweden. This lake received 
heavy inflows of nitrates and phosphates, and the flora was characteristic of heavily fertilised 
waters. However the population was artificially maintained by winter aeration, which 
prevented anoxic conditions forming beneath an ice covering. The Turning Basin also suffers 
from water quality problems associated with organic pollution and a high BOD. This can lead 
to low DO concentrations in the Turning Basin, but fish kills have not been recorded in the 
past, presumably because fish could escape upstream into the River Irwell which due to it’s 
flowing nature is not prone to oxygen stress. Salford Quays is also eutrophic and subject to 
low DO concentrations. Therefore a system of air circulation through helixors is applied to the 
Quays to mix the water column. Mixing in Salford Quays is necessary as an anoxic 
hypolimnion is likely to occur during the summer in response to high temperature and 
autumnal DO levels can decline when summer phytoplankton populations die back and 
decompose.
Perch growth appears to be average for the species, as compared to previously published 
growth rates (Figure 4.13). However the difficulty in ageing perch must be borne in mind. 
Perch growth in the River Irwell and MSC starts to tail off by the second year, after which it 
then recovers at a length of 130 mm. This may be due to problems with ageing, although two 
biological factors could account for this. Firstly, an initial slow growth period may be due to 
the impact of the large numbers of spiny-headed worm (acanthocephala) parasites found in 
perch intestines. Secondly as perch grow they are able to switch their diet to a piscivorous one 
and this typically occurs at about 170 mm (McCormack and Le Cren 1970).
The smallest perch found in Woden Basin that had been feeding upon fish was 192 mm. 
Therefore the onset of increased growth in larger perch in the River Irwell and MSC may be 
due to a switch in feeding behaviour to predation upon fish. Such a scenario has been recorded 
for perch in Windermere (Le Cren 1992), where perch were able to develop to exceptional
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sizes once they  had grow n beyond 150 m m. H ow ever it is apparent that any sw itch in feeding 
behaviour is not com plete since perch as large as 220 m m  w ere found in  both W oden B asin 
and the R iver Irw ell, w hich had  been feeding upon Asellus. In  bo th  cases the perch intestines 
also contained the spiny headed worm s. In addition, tw o large piscivorous perch taken from  
W oden B asin  also contained num erous spiny headed w orm s suggesting that they  m ay still 
feed upon  Asellus.
■ River Irwell
■ River Stour
- River Thames
■ Windermere
F ig u re  4.13 P e rc h  g ro w th  cu rv e  re c o rd e d  in  th e  R iv e r  Irw e ll a n d  M SC  (com bined), an d  
th e  R iv e r  T h am es (W illiam s 1967), L ak e  W in d e rm e re  (Le C re n  1958) a n d  
th e  R iv e r  S to u r  (M a n n  1978)
4.5.3 P ro d u c tiv ity
Production  is essentially  the sum  o f  the grow th o f  all individuals p resent (Le Cren 1972) and a 
calculation o f  productiv ity  requires an accurate estim ate o f  population size. F ish density  in  
the survey are w as estim ated by  SO N A R surveys, bu t this m ethod has several draw  backs 
w hen applied  to the M SC , and all density and productivity  estim ates should take this into 
account.
A ll surveys w ere, o f  necessity , undertaken in  the daytim e w hen fish  often rem ain at depth and 
thus below  the horizontal SO N A R  beam . Lucas et al. (1998) found that night SO N A R surveys 
produced  estim ates o f  fish density  up to 7 tim es higher than daytim e surveys on the R iver
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Ouse. The variation between day and night distributions will however be dependent upon 
conditions within particular waterways, such as predation threat and turbidity. An 
approximation of the impact upon population estimates of undertaking day and night SONAR 
surveys in the MSC can be made from several stationary SONAR surveys as reported in 
Chapter 5. Three such surveys were made during the day and a single survey was undertaken 
during the night. The lowest levels of fish activity (defined as number of targets recorded) 
occurred in daylight at around 15:00 and 06:00 hours and the highest during sunset at 21:00 
hours. The activity levels differed by a factor of six. SONAR surveys in the MSC were 
generally undertaken between 11 and 14:00 hours, when fish activity in the canal upstream of 
the Turning Basin was approximately 3 times lower than at sunset.
The Simrad EP500 post processing software cannot distinguish between fish and bubbles in 
the water column when estimating fish density. As stated in the results, methane production 
caused by the anaerobic decomposition of organic material in the sediment is most common in 
the summer. The oxygen regime within the sediment is always anoxic, regardless of the 
oxygen concentration of the overlying water column, and microbial activity and subsequent 
bubbling will increase with temperature. For this reason only fish density estimates made 
from SONAR data for the MSC upstream of Pomona Dock were used to calculate fish 
productivity, since bubbling did not occur in this stretch.
Winter surveys also underestimate fish density since the fish tend to remain in deep water 
during the winter and activity is low. This will result in an underestimate of the actual number 
of fish in the whole water column, as a significant proportion of the population will lie 
beneath the horizontal beam. As temperatures increase, fish disperse throughout the water 
column and activity increases. This explains the relationship between fish density and water 
temperature seen in the MSC upstream of Pomona Dock. Therefore density estimates made 
during the winter were underestimates and only those density estimates produced by SONAR 
surveys undertaken between April and September were used in productivity calculations.
Fish density recorded in the MSC is similar to that observed by Hart (1971) in areas of 
relatively good water quality (approx. 0.02 roach m'2 and 10 kg roach Ha'1) in the then 
markedly polluted River Nene. However Hart (1971) found that areas of comparatively poorer 
water quality in the River Nene produced higher fish yields (approx. 0.2 - 0.5 roach m"2 and
300 - 500 kg roach Ha'1) and this was attributed to the inflow of organic sewage effluent and 
increased mean temperatures associated with a power station. A similar scenario could occur 
in the lower River Irwell and MSC whereby fish are attracted to the Turning Basin by the 
large numbers of Asellus, upon which they feed. The fast growth of roach in the MSC is due 
to a combination of abundant detrital based food resource and a low population density, which 
results in low competition for food. However Asellus numerically dominate macroinvertebrate 
fauna throughout the survey area and fish should not need to move into the Turning Basin to 
feed preferentially. Therefore fish distribution is not limited by food reserves and any build 
up of fish in the Turning Basin is more likely to be due to downstream displacement. However 
if fish remain in the Turning Basin, movement upstream into the MSC and River Irwell would 
be necessary in the summer during periods of low dissolved oxygen concentration. This is an 
important issue considering fish kills have not been reported or observed in the MSC and is 
further investigated in Chapter 5. Presumably, in the Nene (Hart 1971) organic pollution, 
although significant, was not sufficient to promote the low oxygen / anoxic conditions found 
in the Turning Basin area of the MSC.
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Monthly estimates of fish biomass in the MSC Turning Basin range between 14 to 135 kg ha “ 
The higher figure was recorded in September 1998 and is about a 30-50 % of the 
recommended carrying capacity for temperate still waters (250-400 kg ha'1, Templeton 1995). 
However the level of bubbling observed in the Turning Basin during the September survey 
was high, and this will elevate population estimates. Estimated fish biomass in the uppermost 
stretch of MSC, upstream of Pomona, ranged between 0.4 and 47 kg ha _1, in February 1999 
and July 1998 respectively. Bubbling does not occur in this canal stretch and therefore the 
summer levels are more representative of the fish population. This biomass level is low, but 
due to sampling constraints does not include the contribution of fish in their first and second 
years of life, and these age classes can contribute significantly to fish production.
The impact of urbanisation and industrial usage must be considered when comparing the 
population status of the River Irwell to other water bodies. Roach and overall fish densities in 
the disused Lancaster Canal were estimated in 1969 to be 0.19 roach m’2 and 0.5 fish m'2 
respectively, (McManus 1971). This was considered by the author to be equivalent to 136 and
301 kg ha -1. Both the overall fish density and biomass of the population are higher than that 
recorded in the survey area above Pomona, and overall stock in the Lancaster Canal was 
described as reasonable despite complaints of low angling catches. McManus (1971) also 
investigated density in the Chelmer and Blaclcwater Canal, which was still used by 
commercial traffic and subject to severe pollution. Fish density in this canal varied greatly 
between the main channel (0.006 fish m'2, 9.9 kg ha _1) and its backwaters and weir pools (0.1 
fish m’2, 375 kg ha -1). These figures more closely match the population density of the lower 
River Irwell and MSC, and also highlight the importance of backwaters and oxygenated areas 
such as weir pools.
Total adult fish productivity in the MSC ranges between 3.7 to 1.7 kg ha'1 yr'1, calculated 
from population estimates made in the winter and summer respectively (Table 4.12).
Table 4.12 Summary of productivity estimates calculated for River Irwell and MSC
Species Site Productivity (Kg ha'1 Yr'1)
Roach
(Year classes 2+ to 8+)
MSC Turning Basin, based upon density in 
April 1998 and 1999 2.7
Roach
(Year classes 2+ to 8+)
Whole Upper MSC, based upon density in 
April 1998 and 1999 2.1
Roach
(Year classes 2+ to 8+)
MSC upstream of Pomona, based upon mean 
density throughout summer of 1998 and 1999 1.5
Perch
(Year classes 1+ to 8+)
MSC Turning Basin, based upon density in 
April 1998 and 1999 1.0
Perch
(Year classes 1+ to 8+)
MSC upstream of Pomona, based upon mean 
density throughout summer of 1998 and 1999 0.7
The summer productivity estimate is relatively low because it is based upon fish densities 
recorded in the MSC above Pomona Docks, where the fish population includes a relatively 
large number of small perch. All productivity estimates produced for the survey area are 
considerably lower than those estimated for the River Thames, at Reading in the late 1960s
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(Berrie 1972). Roach productivity in the Thames was estimated to be 96 kg ha'1 yr'1 and 
overall fish productivity was considerably higher since bleak were the most abundant species 
(productivity 269 Kg ha"1 Yr'1). However important components of production not considered 
in the current study are the elaboration of gametes, production of fish young of the year, the 
contribution of additional species and the movement of fish in and out of the SONAR survey 
area. In addition the nature of the two fish communities are very different. Bleak were the 
only species to grow well in the Thames, whilst roach, dace and perch demonstrated very slow 
growth (Williams 1967), which was attributed to high stock densities. Density estimates for 
the River Thames were over 10 fish m'2 and biomass was estimated to be 476 kg ha'1 
(Williams 1963, 1965). Indeed Mann (1965) suggests an overall total biomass of 659 kg ha"1 
if rarer and elusive species are also taken into account. This figure is close to the highest 
recorded in natural temperate waters and is a function of the high population density.
4.6 Summary and Conclusion
This chapter described the age structure, feeding preference, growth and density of the 
dominant coarse fish species in the survey area, roach and perch. The age structure and 
density estimates were then used to calculate the biomass and productivity of these two 
species.
A wide range of roach and perch age classes were identified in the survey area demonstrating 
that recruitment to the adult population occurs. An alternating pattern of strong and weak year 
classes was observed for the roach population, which was ascribed to density dependant 
recruitment. However whether this recruitment was as a result of successful local spawning 
and fry survival or due to the arrival of fish displaced from upstream by strong flows was not 
clear.
Both roach and perch in the survey area fed on Asellus in the MSC, although roach feeding 
appeared to switch to zooplankton where they were available (e.g. in Woden Basin). The 
abundance of Asellus as a food source throughout the year will reduce foraging times for both 
roach and perch, and explains why roach growth rate in the River Irwell and MSC is fast for 
the species. Roach growth rate in the survey area also compared favourably with that of other 
local roach populations from Salford Quays and the Bridgewater and Ashton Canals.
Perch growth rate was not particularly fast for the species and this may be due to the large 
numbers of spiny headed worm parasites (genus Acanthocephala) found in their alimentary 
canals. These parasites infest perch as a direct result of their Asellus diet, but do not effect 
roach, presumably due to the species-specific nature of the parasites life cycle.
Monthly hydroacoustic surveys were used to estimate fish densities throughout the upper 
MSC. However this survey work was seriously compromised because (1) Surveys could only 
be carried out during the day (2) The SONAR post processing software mistook methane 
bubbles produced by the sediment during the summer for fish.
Therefore viable survey data could only be produced for the MSC upstream of Pomona Docks 
where bubbling did not occur, and for the rest of the survey area during the winter when no 
bubbling occurred. Fish density estimates for the MSC upstream of Pomona Docks were low, 
ranging from 0.001 fish m'2 in the winter to 0.105 fish m"2 in the summer. Despite fast growth 
rates, the low density of fish in the MSC resulted in low estimates of productivity ranging 
from 1.5 to 2.7 kg ha'1 yr"1 and 0.7 to 1 kg ha'1 yr"1 for roach and perch respectively.
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5. FISH MOVEMENT
5.1 Introduction
Coarse fish move from one area to another for a variety of reasons including spawning 
migration (Lucas et al. 2000), feeding migrations (L’ Abee-Lund and V0llestad 1987), 
downstream drift (Linfield 1985), and dispersion and aggregation in response to changing 
water quality (Alabaster 1959). Upstream spawning migrations of coarse fish from the MSC is 
particularly likely since there is a paucity of spawning habitat in the Turning Basin, and 
indeed fish spawning behaviour was observed in the upper reaches of the survey area in the 
River Irwell (see Chapter 3). The survey area is heavily modified and is characterised by a 
lack of backwaters which would otherwise allow fish to shelter from periods of fast flow or 
plugs of poor water quality moving downstream. This lack of ‘flow refuges’ is likely to result 
in the downstream drift of fish, which would result in an aggregation of fish in the MSC 
Turning Basin during the winter. However fish movement in and out of the Turning Basin 
may also reflect local changes in water quality, and in particular dissolved oxygen 
concentration. For instance, as DO concentrations in the MSC decline during the summer, the 
shallower and more turbulent flow regime of the River Irwell may result in this reach acting 
as an oxygen refuge. The invertebrate fauna is also likely to be degraded during periods of 
low DO, reducing food availability. When water quality conditions improve, invertebrate 
abundance may increase and fish would be able to re-enter the canal system. Movement into 
the lower reaches of the survey area would allow preferential feeding upon the large numbers 
of Asellus which dominate the benthic fauna (see Chapters 3) and have been found to 
constitute a significant portion of the diet of both roach and perch (see Chapter 4).
The aim of this chapter is to assess fish movement in the survey area in relation to water 
quality. Of particular interest is whether changes in DO levels determine the movement of fish 
to and from the Turning Basin. A further aim is to establish if the Turning Basin is used as a 
preferred feeding area since fish may also arrive as a natural consequence of dispersion and 
downstream drift.
5.2 Specific objectives
The specific objectives of this study are:
1. To investigate the movement of fish, using radio tracking in the River Irwell and 
MSC, in response to changes in dissolved oxygen concentrations.
2. To investigate the distribution of fish, using mobile SONAR surveys in the River 
Irwell and MSC, in response to changes in dissolved oxygen concentrations.
3. To assess the efficacy of stationary SONAR surveys to measure fish movements in an 
urban aquatic environment.
4. To investigate changes in Asellus biomass in the lower River Irwell and MSC in 
response to changes in water quality and its effect upon fish distribution.
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5.3 Method
5.3.1 Water quality and Asellus biomass
Both the monitoring of DO levels (throughout survey area in 1998 and in the MSC Turning 
Basin from January 1998 to February 2000) and Asellus density have been described in 
Chapter 3. Since the crustacean Asellus dominated both the invertebrate samples taken by the 
standard colonisers and the diet of roach and perch (Chapter 4), macroinvertebrate biomass 
analyses are based upon this species only.
The first 100 Asellus counted in each coloniser sample (see Chapter 3) were removed and 
placed in an oven at 50° C. Initial samples were removed, weighed and replaced in the oven to 
determine how long complete drying of samples took. Subsequently the samples were left in 
the oven for 24 hours, afterwhich all moisture had been removed, and their dry weight 
recorded. The overall dry weight biomass of Asellus in each sample could then be calculated 
once the total number of individuals was known. This procedure was carried out for all 
samples taken in zones 4, 5 and 6, since roach and perch dominated the fish community in 
these zones.
5.3.2 Radio tracking
Fish were tagged with crystal controlled VHF radio transmitters (Manufactured by Biotrack), 
and their movement tracked with fixed station Yaesu FT 290R radio receivers. Each 
transmitter emitted a 1 Hz signal at individual wavelengths within the allocated frequency 
band range for wildlife telemetry studies (173-174 MHz).
An initial study was undertaken to determine the range of radio reception relative to depth for 
a tag and receiver. Signals could be received from a tag on the surface at over 50m distance. 
However this signal was quickly attenuated with increasing depth such that a tag placed at 7 
m depth could only be detected by a receiver placed directly above. Therefore receiver aerials 
were placed as high over the watercourse as possible and bridges were identified as ideal sites. 
A total of 8 receivers were placed in groups of two or three to enabled the direction of fish 
movements to be inferred (e.g. a positive signal from the same fish at more than one receiver 
can demonstrate passage up or downstream and not just a local presence) (Figure 5.1).
Three receivers were placed at the entrance to the Turning Basin to identify fish movements in 
and out of the Basin. Two receivers were also placed at the head of the MSC, on Woden 
Footbridge and a nearby building to track movement in and out of the Canal. A further two 
receivers were placed on and adjacent to New Quays Bridge to track movement further 
upstream, whilst a single receiver was placed immediately downstream of Mode Wheel Locks 
to note the downstream departure of any tagged fish.
The transmitters weighed 2.1 g in water and were only attached to fish weighing more than 
170g, ensuring that the tag burden did not exceed 1-1.25 % of the fish weight out of water 
(Beaumont et al. 7996). Three roach and three perch were caught in fyke nets placed in the 
Turning Basin, tagged and released between June and July 1998. Before attachment of the 
transmitter, fish were anaesthetised in 0.002 % solution of Phenoxyethanol. The tags were 
attached externally (Beaumont et al. 1996) with ethicon coated vicryl (size 2/0, 0.84 mm 
diameter) sutures stitched through the dorsal musculature. Prior to tagging, a single roach was
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dissected to reveal the dorsal fin base, its musculature and spinal column. To avoid damage to 
the spinal column and fin base, it was calculated that tags should be attached beneath the 
dorsal fin, at a height of between 75-85 % of its body depth.
W hitchurch  St.
Figure 5.1 The position of 8 radio receivers ( • )  placed along the length of the survey 
area to track fish movements
A cyanoacrylate based ‘superglue’ was used to sandwich a length o f monofilament fishing 
line between the tag and a piece of neoprene. The neoprene was used to cushion the tag 
against the side o f the fish. Both ends of the fishing line were tied to suture threads, which 
were then passed through the fish’s body. The two sutures were then pulled tight, to cushion 
the tag on the left side of the fish, and tied together on the right hand side. The suture and final 
knot were glued to a neoprene pad, which also cushioned the line and knot from the fish. All 
knots were strengthened with glue and a 1% malachite green in silicone grease was applied to 
both flanks o f the fish to provide a slow release of fungicide.
Before release the tagged fish were kept in a square (1.5 metre cubed) keep net for 24 hours 
with untagged fish. This practice is thought to reduce subsequent stress to the fish (Beaumont 
et al. 1996). If  a fish is immediately released it often travels quickly and erratically over 
relatively large distances. Fish were released into the Northwest comer of the Turning Basin 
on three occasions. Once the fish had been released the receiver stations were visited twice 
weekly for data collection and battery maintenance. Yaesu FT 290R radio receivers were 
programmed to scan up to 10 channels within the 173-174 MHz range every 5 minutes. Any 
received signal at these frequencies was then recorded on tape and its channel and time of 
reception recorded on print. Audio and printed records could then be cross-referenced to 
determine if a received signal was from a tag or external interference.
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5.3.3 Mobile and stationary SONAR surveys
Movement of fish in the survey area was investigated with monthly mobile surveys, 
undertaken in the MSC and Turning Basin using a Simrad EY500 dual beam horizontal sonar. 
The mobile surveys were used to provide an estimate of fish abundance and distribution in the 
MSC from March 1998 to February 2000 (a full description of this methodology is provided 
in Section 4.3.3). This data was then compared to changing water quality conditions in the 
Turning Basin.
The SIMRAD EY500 split beam SONAR is capable of tracking target movement within the 
SONAR beam. This function is called ‘trace tracking’, and enables the direction of fish 
movement to be determined when the transducer is stationary. Therefore horizontal stationary 
surveys were undertaken on the MSC downstream of Pomona Dock and at the entrance to the 
Turning Basin (See Figure 4.1) to assess the efficacy of this method in determining fish 
movement in and out of the basin. Four stationary SONAR surveys were undertaken, two 
during the day in May and June 1999 respectively, and a single night survey was undertaken 
in July 1999. During the first survey in May, the transducer was placed on a boat, which was 
moored on the edge of the canal. However boat movement around the mooring was found to 
interfere with the SONAR traces and subsequent surveys were carried out from the bank. In 
each case the transducer was placed at approximately 1-m depth and the SONAR beam 
directed across the canal.
The SONAR data was analysed by EP500 software (produced by Simrad) and the total 
number of traces moving up and downstream was counted. This data was used to calculate 
the net movement of traces (assumed to be fish) by subtracting the total number moving 
upstream from the total number moving downstream over a 5 minute period every fifteen 
minutes. A positive net movement quantified fish passage upstream and a negative net 
movement quantified passage downstream.
5.4 Results
5.4.1 Asellus biomass
Asellus biomass peaks in the winter in the MSC (sites 5 and 6.1) and River Irwell (site 4), but 
only demonstrates an additional summer peak in the MSC at Pomona (site 5) (Figure 5.2 a-c, 
see Section 3.5.2 for comments on Asellus life cycle). This summer peak coincides with 
decreases in the mean individual weight of Asellus, demonstrating the release of young from 
adult broods. However the release of summer broods in the Turning Basin and River Irwell do 
not result in an increase in population density, except in the Turning Basin during the 1998 
summer (when the DO levels were elevated by an oxygenation trial, see Section 3.4.1). Low 
population density during breeding can therefore be explained by a high mortality rate, 
probably due to low DO levels.
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(a) River Irwell (site 4)
F ig u re  5.2 M o n th ly  A sellus p o p u la tio n  density  a n d  b iom ass , an d  m ean  in d iv id u a l 
w eigh t (n=100) in  th e  R iv er Irw ell (site  4) a n d  M a n ch e s te r  Sh ip  C a n a l (site 
5 a n d  6.1)
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5.4.2 Radio tracking
The released fish were initially tracked from a boat with a handheld receiver as they moved 
into the Turning Basin. However no signals were subsequently detected with the handheld 
receiver from a boat, despite regular attempts between June and September 1998. All of the 
fixed-listening stations consistently recorded signals at the pre-programmed tag frequencies. 
However the review and cross-reference of audiotapes and printouts showed that only a single 
signal was received from a tagged fish. This fish was a perch in the vicinity of the Turning 
Basin entrance, identified two days after its release. All other signals were caused by 
interference from unknown sources presumed to be associated with the urban environment 
(e.g. taxi radios and car ignitions).
5.4.3 Sonar survey
SONAR data recorded during warm periods in the MSC are considered to be unreliable as 
methane bubbles rise from the sediment and may be mistaken for fish (see Chapter 4). This 
yearly temporal variation throughout the survey area confounds the use of sonar to inform on 
fish behaviour in response to changing water quality. However SONAR population estimates 
made in the MSC upstream of Pomona are considered to be reliable, as bubbling from the 
sediment does not occur in this area and changes in fish density in this area may reflect 
movement of fish out of the Turning Basin.
Dissolved oxygen levels upstream of Pomona will be higher than those recorded downstream 
(see Section 3.4.1) and increases in fish density may reflect the movement of fish out of the 
Turning Basin as water quality deteriorates in the summer. Figure 5.3 shows monthly fish 
density upstream of Pomona and the concurrent monthly DO and temperature levels 
downstream in the Turning Basin.
Changes in fish density upstream of Pomona generally followed a seasonal pattern, with 
relatively high density in the summer and low density in the winter. An exception to this was 
the high density recorded in January 2000 when the MSC was being dredged further 
downstream. This elevated fish density may have been due to an exodus of fish from the MSC 
in response to the disturbance caused by dredging. Dissolved oxygen levels in the Turning 
Basin were lowest during the summers and mean monthly DO concentrations for the whole 
water column fell below 4 mg O2 I"1 in May 1998, and May and June 1999. Monthly fish 
density upstream of Pomona does not show a statistically significant correlation with either 
water temperature (Pearsons correlation, R=0.356, P=0.14) or DO levels (Pearsons 
correlation, R—0.439, P=0.06) in the Turning Basin.
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F ig u re  5.3 T e m p o ra l v a ria tio n  in  fish d ensity  (p e r  m"2) u p s tre a m  o f P o m o n a  D ock
re c o rd e d  by  m o n th ly  SO N A R  su rveys, an d  c o n c u rre n t m ean  m o n th ly  D O  
c o n c en tra tio n  an d  te m p e ra tu re  d o w n stre a m  in  th e  T u rn in g  B asin  1998 to 
2000
5.4.4 S ta tic  S O N A R  su rvey
Trace tracking o f  fish targets during four static SO NA R surveys show  a distinctive pattern o f  
alternating net up and dow nstream  fish m ovem ent. The three surveys undertaken in M ay and 
June 2000 cover relatively short lengths o f  tim e and, as such, any trends in diel activity are not 
evident (Figure 5.4 a-c). H ow ever the July survey was carried out over 11 hours from  late 
afternoon to early m orning and shows a net upstream  m ovem ent in the evening and m orning 
separated by a distinct period o f  dow nstream  m ovem ent from  22:00 to 02:30 hours (Figure
5.5 b).
The net num ber o f  targets recorded m oving both up and dow nstream  during the overnight 
survey shows a pronounced period o f  fish activity at sunset, w hich lasted from  around 20:45 
to 23:30 (Figure 5.5 a). A  sim ilarly high level o f  activity w as not observed at dawn, although 
a b rie f increase in activity  was recorded at 04:00 hours. Fish activity peaked at around 22:00, 
and gradually declined throughout the early m orning. The only other sim ilar extended period 
o f  low activity w as recorded during the afternoon in July (betw een 15:00 and 16:00 hours).
The num ber o f  fish m oving up and dow nstream  during each recording interval o f  all four 
surveys shows a significant positive correlation (e.g. July survey R =0.792, P<0.001). Thus net 
up and dow nstream  fish m ovem ent is relatively low com pared to overall m ovem ent and 
activity levels are not related to direction o f  m ovem ent.
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(a) S u rvey  u n d e r ta k e n  on  2nd M ay  2000, r ig h t h a n d  b a n k  im m ed ia te ly  u p s tre a m  o f the  
T u rn in g  B asin  d u r in g  th e  m o rn in g .
(b) S u rv ey  u n d e r ta k e n  on 8 J u n e  2000, fro m  a b o a t m o o red  to r ig h t h a n d  b a n k  
im m ed ia te ly  d o w n stre a m  o f P o m o n a  dock  d u r in g  th e  a fte rn o o n .
(c) S u rvey  u n d e r ta k e n  on 8th J u n e  2000, fro m  r ig h t h a n d  b a n k  im m ed ia te ly  u p s tre a m  o f 
T u rn in g  B asin , d u r in g  m id  a fte rn o o n .
F ig u re  5.4 N et u p  a n d  d o w n stre a m  m ovem en t o f  fish  re c o rd e d  d u r in g  th re e  s ta tio n a ry  
h o riz o n ta l SO N A R  su rveys u n d e r ta k e n  d u r in g  d ay lig h t h o u rs  on th e  M SC  
(a-c). R ea l tim e  is given on th e  x axis a n d  n e t m ovem en t over 5 m in u te  
in te rv a ls  on th e  y axis (positive n u m b e rs  d eno te  u p s tre a m  m o v em en t an d  
nega tive  n u m b e rs  d o w n stream )
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(a) U p s tre a m , d o w n stre a m  an d  to ta l fish ac tiv ity  (defined  as n u m b e r  o f ta rg e ts  rec o rd e d  
by  S im ra d  E Y  500).
(b) N et up  a n d  d o w n stre a m  m ovem en t
F ig u re  5.5 F ish  (a) ac tiv ity  (b) N et up  an d  d o w n stre a m  m ovem en t, rec o rd e d  d u r in g  a 
s ta tio n a ry  h o r iz o n ta l SO N A R  su rvey  u n d e r ta k e n  o v e rn ig h t fro m  la te  
a fte rn o o n  to  ea rly  m o rn in g . S u rvey  u n d e r ta k e n  on 11th Ju ly  2000 (from  the  
r ig h t  h a n d  b a n k  im m ed ia te ly  u p s tre a m  o f  th e  T u rn in g  B asin)
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5.5 Discussion
5.5.1 Radio tracking.
Data produced during the tracking study was very limited and could not be used to assess 
coarse fish movement in the survey area. Only those radiowaves travelling to the surface 
within 6 degrees of the vertical will escape the water and therefore most of the escaping radio 
signal is concentrated upwards. If the radio-tagged fish had remained in the Turning Basin, 
the tag signals could not have been detected at any of the fixed stations since these were 
placed to record fish leaving the Turning Basin. However signals were also not recorded from 
a boat with a portable receiver. The failure of both the handheld receiver and fixed listening 
stations to detect tagged fish suggests that the signals were not sufficiently powerful to escape 
the relatively deep water in the MSC. However the failure to detect a signal may be due a 
variety of factors, namely (J. Frenchpers. comm.):
1. Loss of tags and/or death of fish.
2. Attenuation of signal due to the depth of the Turning Basin and relatively high 
conductivity of the water (Conductivity in the Turning Basin varied between 400- 
700 n.S, APEM 2000a).
3. Drift of tag frequency. Each radio tag transmits at a set frequency and drift can 
occur upon immersion in the water and over the tag’s lifetime. Listening stations 
are pre-programmed to scan for fish signals at the appropriate frequencies, so 
cannot account for drift.
However the use of telemetry studies in deep urban waters such as the MSC may still be 
feasible (J. French pers. comm.). Attenuation of signal can be addressed by either increasing 
the output power of the tag or increasing the sensitivity of the receiver. A more powerful tag 
would necessitate a larger battery, but the subsequent increase in tag weight would require a 
larger fish. Optimisation of tag size in relation to the minimum requirements of the tagging 
survey should be carried out. This would be achieved using a test tag of known output and a 
receiver that displays reception strength. The receiver used at this stage must be one of those 
to be used during the actual survey. Analysis of attenuation over variations in depth and water 
conductivity can then be made, which will enable the calculation of optimal signal output 
strength to tag life ratios with the largest practical batteries available to increase the life span 
of the tag.
Increasing the sensitivity of the receiver may allow weak signals to be recorded, but will also 
increase the impact of interference and recording of false positives. It is possible to filter out 
interference noise with the use of programmable receivers. These receivers would incorporate 
a microprocessor, programmed to identify tag signatures from amongst background noise on 
the same wavelength. The use of programmable receivers has the further advantage of 
potential data storage in RAM memory, increasing the volume of data that can be recorded.
Alternative tracking methods include the use of acoustic tags, which are commonly used in 
marine tagging surveys. However suspended solid levels in the MSC can be high and SONAR 
surveys carried out in the study area suggest that high suspended solids concentrations may
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impede transmitter range. An investigation of fish movement would also be possible with 
passive tags (e.g. panjet dyes, floy or pit tags) and an extensive programme of mark and 
recapture. However this is labour-intensive and requires the capture of large numbers of 
individuals. Furthermore these tagging techniques will not allow the tracking of diurnal 
movements by individual fish over short distances. However passive tags are relatively small 
and do not present a size constraint on those fish suitable for tagging.
5.5.2 Fish movement
Fish densities recorded by SONAR in the MSC upstream of Pomona Dock were low 
throughout the year (ranging from 0.001 fish m'2 in February 1999 to 0.085 fish m'2 in July 
1998), but by the winter it is likely that the majority of fish were displaced downstream during 
heavy flows (Linfield 1985, Lucas et al. 7998). Fish are poikilothermic and activity will be 
strongly influenced by water temperature (Mills 1991). Therefore during the winter coarse 
fish may remain inactive in deep water. As temperature increases in the spring, feeding 
activity will increase and mature fish will also move to their spawning sites (Mills 1991). 
Therefore low SONAR estimates of fish density during the winter may be due to low fish 
activity and the displacement of fish further downstream. An increase in fish density upstream 
of Pomona docks is evident during the summer months. This pattern of distribution is 
consistent with the density estimates recorded upstream of Pomona whereby fish density 
began to increase in May 1998 when water temperature at Pomona rose rapidly from 9 °C in 
mid April to 18 °C in mid March, in response to a warm spell of weather.
Fish density in the Turning Basin during the winter (from December 1998 to April 1999) 
averaged 0.07 fish m2, compared to 0.002 upstream of Pomona. This equates to an overall 
estimate of 4,408 (+ 1364) fish in the Turning Basin during the winter of 1998/1999, whilst 
the mean number of fish estimated to be upstream of Pomona during the summer in 1998 and 
1999 were 2,477 (+ 1938) and 2,051 (+ 833) fish respectively.
To consider whether the fish over-wintering in the Turning Basin leave during the spring and 
contribute to the population further upstream requires an estimate of population size during 
the summer for the Turning Basin. However this is unavailable due to the extensive bubbling 
experienced in this area, which invalidates SONAR surveys undertaken from May onwards 
(see Chapter 4). However the upstream increase in fish numbers during May 1999 occurred as 
the DO concentration in the Turning Basin fell to 3.5 mg I'1 (May monthly average) from 4.5 
mg I'1 the previous month. Similarly in the spring of 1998 the number of fish estimated to be 
upstream of Pomona increased from 1028 in April to 3248 in May. This increase 
corresponded to a fall in DO levels in the Turning Basin from 8.3 to 4.7 mg I"1 and from 7.0 to 
1.6 mg I"1 at the surface and bottom of the water column respectively (5.9 to 2.5 mg I"1 for 
mean concentration throughout the water column). However although the correlation between 
fish density upstream of Pomona and DO concentration in the Turning Basin was not 
statistically significant, the probability was sufficiently close to significance (p=0.06) to 
suggest a cautionary interpretation.
Roach have been shown to avoid DO concentrations of 1 mg I'1 (Stott and Cross 1973) and 
coarse fish populations have been maintained in the River Trent at median DO concentrations 
as low as 3.7 mg I"1 (Alabaster 1972). These figures suggest that coarse fish could survive 
near the surface of the Turning Basin at the mean DO levels recorded, however additional 
environmental stress within the MSC will have an accumulative effect upon the fish
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population and may well force them to leave the area. The review by Alabaster (1972) does 
not consider the possibility that fish may move around in the Trent searching for localised 
areas of improved water quality, and any assumption that an ability to survive particular 
conditions means that fish will not seek a less stressful refuge should be avoided.
The tracking of fish during static SONAR surveys demonstrates that they were present in the 
canal upstream and at the mouth of the Turning Basin in May, June and July 1999. During this 
period DO levels in the Turning Basin were low (ranging from 4 8 - 1 3  % at the bottom of the 
water column). This suggests that if fish do leave the Turning Basin during periods of low 
DO, then they do not need to travel far upstream to reach more suitable conditions.
Diel patterns of DO concentration often reveal an oxygen sag in still waters during the night, 
due to a drop in phytoplankton photosynthesis but continued respiration. Therefore increased 
fish activity and movement out of the Turning Basin might also be expected during the night. 
However suspended solids levels are high in the MSC and the shading effect of particulate 
material suppresses phytoplanlcton growth (APEM 2000a). As such DO levels would not fall 
appreciably during the night and net fish movement from 21.00 to 02.00 hours was actually 
directed downstream.
The pattern of fish activity and movement observed during the static surveys is similar to that 
described by Lucas et al. 1998, whereby fish activity may allow an individual to maintain its 
place in the river but periods of rest will result in a drift downstream. Diel changes in activity 
and movement are often associated with habitat choice for foraging and refuge behaviour 
(Gliwicz and Jachner 1992). Therefore the activity pattern observed during the night in July is 
probably associated with foraging for food, which might be expected to decrease during the 
darkest period of the night when visual detection of food is not possible.
The attraction of fish to areas of high productivity or good feeding opportunity has also been 
shown with SONAR. Fish densities of 21 and 33 fish 100 m"3 were recorded below a sewage 
works and area of midge fly emergence by Duncan and Kubecka, (1996), whilst coarse fish 
have been observed to enter the saline wedge in lowland waters, presumably searching for 
food (O’Hara 1976). Coarse fish have also been shown to dive through a thermocline into 
anoxic bottom waters to forage (Hendry et al. 1988). The advantage to roach of visiting such 
an environment would be nutritional. Whether fish enter the MSC from the River Irwell to 
feed preferentially is not clear since the high density of Asellus throughout the whole survey 
area suggests that this food resource is not spatially limited and may not effect habitat choice. 
A relationship between fish and Asellus abundance would indicate preferential feeding, 
although fish presence in the Turning Basin will also result from natural downstream drift 
since the waterway has few flow refuges.
5.6 Summary and Conclusion
Fish may be attracted to the Turning Basin and MSC to feed preferentially upon large 
numbers of Asellus. However water quality conditions in the canal are variable and generally 
deteriorate during the summer. This chapter describes an attempt to track fish movement, in 
response to changing water quality conditions in the MSC and Turning Basin during the 
summer of 1998. The aim of this study was to record the DO levels at which tagged fish left 
the Tuning Basin and at which they returned.
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Radio tags were attached to three roach and perch and their movements throughout the survey 
area were monitored with stationary radio receivers. However no viable data was obtained 
since the receivers were constantly tripped by background noise associated with the city. 
Tagged fish were also followed with a handheld receiver but could not be tracked because tag 
signals were significantly attenuated in the conductive and deep water of the MSC.
Any upstream movement of fish from the MSC and Turning Basin should result in an increase 
in fish density at the upstream limit of the SONAR survey area, where the River Irwell feeds 
the canal. Fish density upstream of Pomona Docks (recorded by monthly hydroacoustic 
surveys, see Section 4.4.4) showed a cyclic pattern of variation, whereby density was highest 
in the summer and lowest in the winter. This was thought to be primarily due to increased 
fish activity in relation to water temperature. Large increases in fish density were recorded in 
May 1998 and June 1999, and both events were associated with high water temperature levels 
and low DO levels in the Turning Basin.
The increase in fish density may also be due to the upstream movement of fish into the River 
Irwell to spawn. The Turning Basin has very little spawning habitat and such migratory 
movements have been recorded previously for coarse fish (L’Abee-Lund and Vollestad 1985). 
A spawning migration is particularly likely in the MSC if fish were displaced into the Turning 
Basin by strong winter flows.
Stationary SONAR surveys demonstrated the presence of fish immediately upstream of the 
Turning Basin from May to July 1999. Dissolved oxygen levels in the Turning Basin were 
low during this period but fish movements did not show a significant net upstream movement. 
Instead fish appeared to be moving up and downstream in what may be a pattern of foraging 
behaviour. A stationary survey carried out throughout the night in July 1999 showed that fish 
activity was at its highest during sunset.
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6. OESTROGENIC DISRUPTION IN ROACH AND PERCH
6.1 Introduction
During periods of low summer flow, sewage effluent can contribute a relatively high 
proportion of the water to flow in lowland rivers. This contribution has been estimated to be 
as high as 90 % in the River Irwell (Harper 2000). Since sewage effluent carries 
oestrogenically active substances (Purdom et al. 1994), it is hypothesised that disruption of 
sexual development in the fish populations of the survey area may occur. Oestrogenic activity 
and the development of female gametes in male testis (intersex) has been demonstrated in a 
wide range of English rivers (Jobling et al. 1998), but a causal relationship between the two 
phenomena has not been established (Rodgers-Gray et al. 2000). The impact of disrupted 
sexual development upon wild fish populations is likely to reduce their reproductive capacity 
and therefore limit the number of young fish available for recruitment to the adult population. 
The identification of a wide range of age classes demonstrates that recruitment occurs in the 
River Irwell and MSC (see Section 4.4.1), although this may be due to the arrival of fish from 
further upstream (e.g. from stocked fish or breeding populations situated upstream).
This chapter reports on an investigation into the sexual development of roach and perch 
populations in the River Irwell and MSC. Previous work on intersex incidence in other waters 
failed to identify any roach populations that did not include at least some males showing the 
intersex condition (Jobling et al. 1998a 1998b). However Salford Quays, which was isolated 
from the MSC over 10 years ago, has not receive sewage-contaminated waters and the fish in 
this water body may not be subjected to exogenous oestrogenic activity. Thus fish from 
Salford Quays may be considered as a potential control to any levels of intersex incidence 
seen in the MSC and River Irwell.
6.2 Specific Objectives
1. To investigate whether the sexual development in roach and perch taken from the 
River Irwell, MSC and Salford Quays show the intersex condition.
2. To assess the impact of any intersex condition upon the sexual development and 
sex ratios of roach and perch in the River Irwell, MSC and Salford Quays.
3. To review faecal contamination as an indicator of sewage inputs, in both the 
Quays and MSC, and determine the efficacy of the Quays as a control site.
A pilot study was also undertaken in the survey area during the late spring of 2000, to 
determine whether any disruption to spawning success was evident in the fish populations. 
This work utilised brushwood bundles as a means of collecting eggs (Nash et al. 1999) from 
Salford Quays and the MSC Turning Basin, which were examined in the laboratory to assess 
and compare fertilisation success.
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6.3 Method
A total of 78 roach and 19 perch were taken from the MSC, and 51 roach and 61 perch from 
Salford Quays, for histological examination of gonad development. Individual lengths and 
weights were measured and three scales were taken from each fish for age determination (see 
Section 4.3.2 for ageing method). Gonads were weighed and fixed in Bouin’s solution prior to 
histological preparation.
A relative measure of gamete production for males and females was quantified by calculating 
the gonadosomatic index (GSI) for each fish. GSI was calculated from the equation (Chapman 
1978):
GSI = Gonad weight / (Body weight -  Gonad weight) x 100 
Where (Body weight -  Gonad weight) equals somatic weight.
The removal of tissue from fish gonads for histological preparation followed the methods 
described by Jobling et al. (1998a). This ensured that the entire length of each gonad was 
examined, that each specimen received equal effort in diagnosis and that results were 
comparable to those produced by Jobling et al. (1998a, 1998b). Thus three slices of tissue 
from the anterior, mid and posterior areas of the left and right gonad of each roach were 
removed for histological preparation. In the case of female perch, which possess a single 
central ovary, only three sections were taken.
Tissues were dehydrated in alcohol, cleared in citroclear and embedded in paraffin wax. 
Sections were cut to 4 \xm thickness on a rotary microtome, placed on adhesive glass slides 
(5% gelatine) and stained with haemotoxylin and eosin. Analysis and identification of the 
intersex condition was carried out under a light microscope and based upon an index of roach 
intersex severity scored on a scale of 0 to 7 (Jobling et al. 1998) (Figure 6.1 A-D, Table 6.1).
The intersex condition has not been described in perch before and the index (Table 6.2) 
devised for this study species is based upon the roach index. However the preliminary perch 
index has two basic differences, which reflect the percid arrangement of the ovarian duct and 
the proliferation of connective tissue in fish which show the intersex condition (shown in 
Figure 6.2 a-g). The female gonads are fused during primordial development and constitute a 
single ovary with an internal central ovarian duct (Treasurer and Holliday 1981). As such, the 
index score for roach ovarian duct presence (index 1-7) and sperm duct absence (index 4) has 
been replaced for perch with connective tissue growth in the testis (Table 6.2).
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Table 6.1 Roach intersex index score and corresponding tissue description (Jobling 
et ah 1998a
Intersex indices Description
0 Gonad consists completely of male tissue and sperm duct
1 Gonad has both an ovarian cavity and sperm duct OR a low incidence of 
isolated primary oocytes.
2 Gonad has both an ovarian cavity and sperm duct AND contains a low 
incidence of isolated primary oocytes.
3 Gonad has both an ovarian cavity and sperm ducts AND contains 
frequent primary oocytes, either isolated or in clusters.
4 Gonad has an ovarian cavity only AND contains frequent primary or 
secondary oocytes.
5 Large areas of ovarian tissue present, but less than 50 % of gonad area.
6 Over 50% of the gonad is ovarian.
7 100% of the gonad is ovarian. This tissue can only be considered as 
male if testicular tissue is observed in one or more of the other six slides 
from the same fish.
Table 6.2 Perch intersex index score and corresponding tissue description 
(preliminary working index defined by the author)
Intersex indices Description
0 Gonad consists completely of male tissue.
1 Gonad has a proliferation of connective tissue OR a low incidence of 
isolated primary oocytes.
2 Gonad has both a proliferation of connective tissue AND contains a low 
incidence of isolated primary oocytes.
3 Gonad has both a proliferation of connective tissue AND contains 
frequent isolated primary oocytes.
4 Gonad has both a proliferation of connective tissue AND contains 
clustered primary oocytes.
5 Large areas of connective tissue and oocytes present, but less than 50 % 
of gonad is ovarian.
6 Large areas of connective tissue and oocytes present and more than 50% 
of the gonad is ovarian.
7 100% of the gonad composed of connective tissue and oocytes. This 
tissue can only be considered as male since the gonads continue to 
develop in a pair.
R&D TECHNICAL REPORT W2-030/TR 111
M ag  xlOO M ag  x 10
(A) R oach  in te rsex  index  =  1. L ow  incidence  o f iso la ted  p r im a ry  oocytes in  n o rm a l testes 
tissue.
(B) R oach  in te rse x  index  =  2, w ith  only a single p r im a ry  oocyte b u t h av ing  b o th  an 
o v a ria n  cav ity  a n d  sp e rm  duct.
M agxlO O  M ag  x 10
(C ) R o ach  in te rsex  index  = 3-4. In c re a se d  f re q u e n c y  o f  p r im a ry  oocyte incidence.
(D) R oach  in te rsex  in dex  = 5. L a rg e  a reas  o f o v a ria n  tissue  p re se n t, b u t  covering  less 
th a n  50 %  o f th e  gon ad  su rfa c e  a rea .
F ig u re  6.1 E x am p les  o f  ro ac h  in te rsex  in dex  (scale o f 1 to  6, a c co rd in g  to  Jo b lin g  et al.
1998a). T , testis  tissue; SD, sp e rm  d u c t; P O , p r im a ry  oocyte; O , o v a ria n  
cav ity ; O T , o v a ria n  tissue
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M ag  x 10
(A) P e rch  in te rse x  in dex  = 0. T estis  tissue w ith  no d ev e lo p m en ta l d isru p tio n .
M ag  x 10
(B) P e rc h  in te rse x  index  = 1. T estis  h as  a p ro life ra tio n  o f connective  tissue.
(C) P e rch  in te rsex  index  = 3, T estis h as  a p ro life ra tio n  o f connective  tissue a n d  co n ta in s  
f re q u e n t p r im a ry  oocytes.
F ig u re  6.2 E xam ples  o f p e rc h  p re lim in a ry  in te rsex  index . T , testis tissue; C T , 
connective  tissue ; P O , p r im a ry  oocyte
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(D) P e rc h  in te rsex  index  =  4. G o n ad  has b o th  a p ro life ra tio n  o f connective tissue  a n d  
co n ta in s  c lu s te re d  p r im a ry  oocytes.
(E) P e rc h  in te rsex  in dex  =  5. L a rg e  a re a s  o f  connective  tissue  a n d  oocytes p re se n t, b u t  
less th a n  50 %  o f g o n ad  is o v a ria n
(F -G ) P e rc h  in te rsex  in d ex  = 7. O ne h u n d re d  p e rc e n t o f th e  gonad  com posed  o f 
connective  tissue  a n d  oocytes. S lide F  show s s tu n te d  testes com posed  o f la rg e  a re a s  o f 
connective  tissue  a n d  slide  G  show s testes p r im a rily  com posed  o f p r im a ry  oocytes. B o th  
o f these  tissues w ere  id en tif ied  m ale  since th e  gonads co n tin u e  to  develop in  p a irs .
F ig u re  6.2 c o n tin u ed . E x am p les  o f p e rc h  p re lim in a ry  in te rsex  index . T , testis  tissue; C T , 
connective  tissue ; P O , p r im a ry  oocyte
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Bacterial analysis of water taken from Salford Quays and the MSC Turning Basin have been 
carried out since 1990 by APEM Ltd. (APEM 2000a), as part of their water quality 
monitoring strategy for the Quays. Bacterial monitoring is carried out to ensure that the 
Quays is safe for water contact sports and all samples are analysed by the Public Health 
Laboratory who record bacterial E. coli levels in units of particles I 1.
Fertilisation success
Spawning bundles of spruce were placed in Salford Quays in April 2000, and in relatively 
slack water in Zones 2 to 6 of the survey area on the 3rd May 2000. Bundles were placed in 
the Quays earlier than in the River Irwell and MSC as part of a program of perch egg removal 
(APEM 2000a). Spawning bundles were also placed in Woden Basin in Zone 4. Each bundle 
was made from three or four freshly cut branches of spruce measuring approximately 1 m in 
length, which were tied together and weighted with bricks. The use of spruce as a spawning 
media by both perch and cyprinids had previously been effectively demonstrated in Salford 
Quays (Nash et ah 1999).
Bundles were tied to a chain on the canal wall in the Turning Basin, at the bottom of an access 
ladder to the canal upstream of the Turning Basin and to bankside posts on the River Irwell. 
Bundles accessible from the bankside and were visited every 2 days. However those bundles 
placed at the bottom of the ladder were difficult to recover and sample at the same time and 
perch egg ribbons found on the introduced substrate were lost during retrieval. All eggs found 
were removed and examined in the laboratory with a binocular microscope for embryo 
development. The presence of an embryo was considered to be more important that it’s 
ultimate survival, since this confirmed initial fertilisation. Fertilisation success was therefore 
recorded as the percentage of eggs fertilised. Unfortunately flow levels dropped markedly 
soon after the bundles were put in place due to sluice management at Mode wheel and all 
spawning substrates in the upper reaches of the survey area (zones 2 and 3) were left exposed.
6.4 Results
6.4.1 Sex ratio
The overall male: female ratio for roach and perch was biased to females in all populations 
except for perch in the MSC (Figure 6.3 a-b, 6.4 a-b, Table 6.3). Female bias was particularly 
evident in the roach MSC population where the ratio of females to males was 12:1 for fish 
aged 4 years and older (Figure 6.3 a). The roach populations in both the MSC and Salford 
Quays showed an initial bias to males, which switched to a female bias as the population 
aged. This trend was particularly evident in the MSC but may actually be as pronounced in 
Salford Quays but was not clear since 1+ fish were not caught. A male bias was also evident 
in perch younger than 3 years old in Salford Quays, which also switched to a female bias as 
the population aged.
The perch sex ratio in the MSC showed a reverse trend with females dominating the 
population up to the age of 5+, after which males became prevalent (Figure 6.4 a). However 
none of the female perch under the age of 4+ had developed oocytes. The gonads of these fish 
were small and contained primary oocytes only, despite being sampled in February 2000. This 
is reflected in a low GSI for female perch taken from the River Irwell and MSC (mean GSI of
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5) com pared to perch taken from  Salford Quays (m ean GSI o f  18, Table 6.3). A relatively 
h igh incidence o f  m ales aged over 5+ years was also observed in perch taken from  the R iver 
Irw ell and M SC, w hich w as not seen in the other populations. Perch with undeveloped ovaries 
also persisted in the M SC  population until the age o f  5+ years.
(a) R iv e r Irw e ll a n d  M S C  roach .
24 24 7
(b) SQ  roach .
■  Female
□  Male
□  Undeveloped
F ig u re  6.3 P e rc e n ta g e  c o n tr ib u tio n  o f  m ale , fem ales a n d  sexually  undeveloped  ro ac h  in  
each  age class (n  given above each  b a r)  fo r  (a) th e  R iv e r  I rw e ll an d  M SC  
a n d  (b) S a lfo rd  Q uays (SQ)
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(a) R iv e r Irw ell a n d  M SC  p e rch .
F ig u re  6.4 P e rce n tag e  c o n tr ib u tio n  o f m ale , fem ales a n d  sexually  undeveloped  p e rc h  in 
each  age class (sam p le  size given above each  b a r )  fo r  (a) the  R iv e r Irw ell 
a n d  M SC  an d  (b) S a lfo rd  Q uays (SQ)
6.4.2 G o n a d  d eve lopm en t
All m ales and fem ale roach appeared to be m acroscopically norm al. Fem ale perch aged 3+ 
and younger, taken from  the M SC had small poorly developed ovaries. M ale perch from  the 
same population also had small testis o f  which 40%  appeared to be unconnected to the cloaca. 
The relatively small testis observed in perch taken from  the M SC is reflected in their GSI 
(Table 6.3), w hich was significantly  sm aller than those seen in Salford Quays (T— 10.5,
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P<0.005). The gonadosomatic indices of female perch and male roach taken from the MSC 
were also significantly smaller than those observed in Salford Quays (T=7.35, P<0.005 and 
T=-43.6, P=0.008 for female perch and male roach respectively).
Table 6.3 Mean GSI (+ SD) for male and female roach and perch taken from MSC 
and Salford Quays
Roach
S f ord MSC Quays
Perch
Salford
Quays MSC
Sample size 14 24 26 10
Male
Mean GSI (± SD) 9 (+4) 5 (+3) 9 (+4) 1 (+1)
Sample size 29 54 37 22
Female
Mean GSI (± SD) 13 (+ 3) 13 (+ 6) 18 (+ 6) 5 (+  7)
6.4.3 Intersex incidence
The histological examination of gonads revealed that male roach in both the MSC (54 %) and 
Salford Quays (24 %), and all male perch in the MSC had developed female gametes in their 
testis (Table 6.4). All stunted testes found in perch showed marked intersex incidence and 
several specimens failed to produce any milt and presented severe developmental disruption. 
Typically this involved the proliferation of connective tissue and widespread production of 
primary oocytes. However these individuals were considered to be males since female gonads 
develop as a single central organ, but these gonads were paired. Most striking was the single 
incidence of a Y shaped gonad, whereby the right and left testis were joined posteriorly.
The mean intersex index for male roach in the MSC and Salford Quays showed no significant 
difference (Mann Whitney U =  33.5, i^O.5), although a greater proportion of the MSC male 
population demonstrated the intersex condition. However the absence of this condition in 
Salford Quays perch is particularly striking given the relatively strong degree of disruption 
and high index score observed for perch in the MSC (Mean intersex index 2.6).
Table 6.4 Intersex incidence and mean intersex index score for male roach and perch 
in the MSC and Salford Quays
Roach Perch
Salford Quays MSC Salford Quays MSC
sample size 53 105 66 43
No. females 29 54 37 22
No. males 14 24 26 10
% of intersex males 24 54 0 100
Mean male intersex index 
(± SD)
1.7 (± 1) 1 9 (±1.5) 0 2.6 (±2.5)
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Fortnightly bacteriological analysis o f  w ater taken from  both the M SC and Salford Quays, 
dem onstrates that faecal contam ination in the M SC is consistently  high (Figure 6.5). Bacterial 
counts in Salford Q uays w ere m ost com m only recorded as being below  the detection limits 
(10 cells per 100 ml"1), although periodic high counts occurred in late sum m er and autumn. 
Occasional declines in M SC  bacterial counts was also observed during the summer.
6.4.4 M icrob io logy
F ig u re  6.5 C ell C o u n ts  o f  E . coli (Log Cells p e r  100 m l'1) in  S a lfo rd  Q uays an d  
M a n c h e s te r  Ship  C a n a l fro m  1993 to  2000 (A P E M  2000a)
6.4.5 S paw n ing  success in  th e  M a n c h e s te r  Ship  C a n a l a n d  S a lfo rd  Q uays
Perch egg ribbons w ere found on all o f  the bundles placed dow nstream  o f  A delphi W eir in 
Zones 2 and 3. C yprinid eggs w ere only found on spaw ning substrates placed further 
dow nstream  in W oden B asin (Zone 4). H ow ever cyprinid spaw ning coincided w ith the period 
o f  low flow and the eggs becam e infested w ith fungi after two days, presum ably due to low 
DO levels in the small dock. Spruce bundles placed in the low er R iver Irw ell (Zone 4) were 
not used as a spaw ning m edia, how ever those p laced in the M SC upstream  o f  the Turning 
Basin (Zone 5) received 4 perch ribbons, although these ribbons w ere lost during retrieval. 
The Turning Basin substrates received 10 ribbons.
Perch spaw ning in the Low er Irw ell and M SC was com paratively late, perch spaw ning in the 
Quays having finished a m onth previously. Such late spawning m ay reflect the paucity o f 
spaw ning habitat in the system , or cooler w ater tem peratures in the study area. N evertheless 
exam ination o f  the eggs revealed a low fertilisation rate, w ith only 20 % o f  eggs containing 
embryos. The presence o f  an oil droplet in the m ajority  o f  unfertilised eggs w as indicative o f  
yolk  presence, although som e eggs had holes in them  and were com pletely empty. Em pty 
eggs were not thought to have resulted from  hatching as bundles were visited  every two days 
and therefore all ribbons were discovered w ithin 2 days o f  spawning. The holes m ay
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correspond to either predation by invertebrates or rupture due to osmotic imbalance. All of the 
fertilised eggs in the River Irwell and MSC were dead and this was probably due to the 
adverse water quality conditions associated with the period of low flow (DO 31 %, 
temperature 15 °C at the surface of the water). Perch eggs laid in Salford Quays, where DO 
levels were maintained and possible oestrogenic disruption was not observed had fertilisation 
and hatching rates of between 98 to 100 %. However due to the late spawning in the Irwell 
and MSC the analysis of eggs was not carried out spontaneously, and poor performance of 
MSC perch may also be due to the poor fitness of late spawners.
6.5 Discussion
6.5.1 Sex ratio
The pattern of sex ratio distribution follows a recognisable trend for roach in the MSC and for 
both roach and perch Salford Quays. This trend is defined by the early development of males 
up to the age of 2 or 3 years old, followed by the numerical dominance of females. A 
particularly strong feature of the roach population in the MSC was the low numbers of males 
caught. Sex ratios for roach taken from each waterway show that few males persist beyond 4 
years old. Only 7 % (3 out of 42 fish) of roach over 4 years old were male in the River Irwell 
and MSC. However this pattern was not observed in Salford Quays, where 29 % (10 out Of 
35) of roach over 4 years old were male.
The pattern of sex ratio distribution for perch in the MSC was markedly different from that of 
the other populations. Females dominated the population up to the age of 5 years, after which 
males and females were found in approximately equal numbers (5 of the 7 fish caught in the 
MSC, over 200 mm were male).
The skewed sex ratio observed in the survey area may be due to a variety of factors, unrelated 
to male mortality. For instance shoaling of sexes prior to spawning may result in 
disproportionate catches of females. However male mortality does appear to be a common 
feature of fish populations and has been reported by previous workers (Hartley 1946; Cragg- 
Hine and Jones 1969; Banks 1970). Zamakhaev (1959 cited in Schultz 1996) classifies roach 
as being characterised by early male sexual maturation, with males thus dominating the 
population of younger age classes but experiencing differential mortality such that females 
dominate at older ages. This distribution of sex ratios within a population fits in with the 
relatively high number of young males and older females seen in the roach and perch 
populations of Salford Quays and roach population of the MSC.
Hansen et al. (1998) reports that 70 % of coarse fish in German waters are female. They 
suggest endocrine disruption is responsible for this, although the mechanisms by which this 
occurs was not explored. Rather the authors stated that current work was being undertaken to 
further examine this ratio. Atz (1964) considers the effects of the environment upon sexual 
differentiation and sex ratios. He noted that no worker has been able to demonstrate a skewing 
of the sex ratio in response to environmental conditions, which cannot also be ascribed to 
differential mortality. As such a direct causal link of oestrogenic activity to actual sex reversal 
may appear unlikely. The author noted that among teleost fish ‘adverse environmental 
conditions’ appear to favour differentiation of males, and yet the males are the less viable sex, 
as measured by longevity and resistance to adverse environmental agents. Male biased disease
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mortality has been reported in Lake Windermere perch and was associated with a single 
disease outbreak ascribed to inherent male immuno-supression (Paxton et al. 1999).
The most extreme female bias sex ratio recorded in a roach population is in a German 
reservoir subject to biomanipulation (Schultz 1996). In this case males accounted for only 4% 
of the population over 2 years old. This was attributed to a combination of factors of which 
the most significant were:
1. The suppression of recruitment by strong predation.
2. Differential male predation due to relatively slow male growth.
3. Increased differential male mortality due to accelerated sexual development.
A female sex bias occurs under natural conditions in coarse fish populations when only a few 
successful year classes dominate the population (Zamakhaev 1959 cited in Schultz 1996). The 
sex ratio becomes skewed to a female bias as aged males are removed from the population 
due to differential male mortality and the population becomes increasingly female if it is 
dependant upon these dominant older age classes. Under normal conditions, the sex ratio is 
kept in balance by the recruitment of new age classes in which males reach sexual maturity 
before females.
Over-reliance on particular year classes is apparent in populations that live in temperate 
waters where environmental factors are unpredictable and a pattern of successful yearly 
recruitment unlikely. However recruitment patterns in temperate conditions will be further 
exacerbated in unsuitable environments such as the MSC, which has poor water quality and 
low habitat availability. Juvenile survival and therefore recruitment rates will decrease under 
such conditions, increasing the dependence of the population upon successful year classes. 
Furthermore any, natural patterns of recruitment in the lower Irwell and MSC are not clear 
since the roach population structure is thought to reflect recent stocking exercises in the 
catchment (see Sections 3.5.3 and 4.50.
In the River Irwell and presumably most other lowland UK rivers, males will also come under 
stress from high vitellogenin (VTG) plasma levels. This will be brought about by their 
exposure to exogenous oestrogens. High VTG levels are natural in females as the vitellogenin 
is a constituent of eggs in the yolk. However males will not develop mature eggs and high 
plasma VTG levels have been shown to increase the viscosity of blood, causing liver and 
kidney damage, and an impairment of food absorption from the alimentary canal in male 
rainbow trout (Herman and Kincaid 1988). Thus endocrine disruption may reduce male fitness 
and increase mortality as VTG is retained in the body and sex ratios will further skew 
disproportionately to a female bias. In this scenario Atz (1964) suggests that sex 
differentiation should favour male production, but whether this is the case in the MSC is 
unknown.
Oestrogenic disruption may also be responsible for the pattern of sex ratios observed in the 
perch population. Female perch underwent sexual development at the age of 3+ years in 
Salford Quays, but may have developed earlier in the MSC. These precocious females were 
characterised by a failure to produce mature secondary oocytes. Male perch sexual 
development may also be inhibited by oestrogenic activity in MSC, resulting in the
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persistence of sexually undeveloped fish. Whether this may also be implicated in the survival 
of older male perch is not known.
6.5.2 Intersex incidence
The proportion of males with the intersex condition in the roach populations of both Salford 
Quays and the MSC is comparable to those reported by Jobling et al. (1998a). The proposed 
control site in this study, Salford Quays, produced an intersex incidence rate of 23 % in male 
roach. This is slightly more than the control sites in the Jobling et al. (1998a) study (male 
roach intersex incidence rate ranged from 5 to 20 %), which were thought to receive no 
sewage, but similar to the ‘upstream of sewage’ site for the River Wreake/Eye (male roach 
intersex incidence rate of 25 %). This suggests some oestrogenic activity in Salford Quays, 
but without any significant sewage-derived contamination in the water column. The 
percentage of intersex male roach in the MSC (54 %) most closely resembles the ‘down 
stream of sewage’ site taken from the River Lea (male roach intersex incidence rate of 
approximately 55 %). However the roach intersex incidence rate recorded in the MSC was 
considerably less than the highest levels recorded by Jobling et al. (1998).
An intersex incidence rate of 100% was discovered in male MSC perch and similarly high 
levels were recorded by Jobling et al. (1998) for roach in sites downstream of sewage works 
(male roach intersex incidence rate ranged from 100 % in the Rivers Nene and Aire to 20 % in 
the River Wreake/Eye). Unlike male roach, male perch in Salford Quays did not present the 
intersex condition.
Natural intersexuality occurs in several species of the Percidae family, and the ova-testis of 
the hermaphrodite Perciformes genus Serranus are ‘Y ’ shaped or posteriorly fused (Atz 
1964). The description of this structure is very similar to that observed in a single male from 
the MSC. The natural occurrence of hermaphrodite percid species in the wild may be 
symptomatic of a natural plasticity to sexual development, which could result in an increased 
susceptibility to the intersex condition in perch. Atz (1964) reports that 15 hermaphroditic 
ruffe (Acerina cernua) were identified in a sample of 741 fish taken from the River Elbe. 
Smelt taken from the same waterway also presented a similar incidence of intersex. Since both 
populations were characterised by the development of eggs in male tissue, and occurred in the 
same waterway, this suggests a common environmental cause.
The intersex condition was more common and severe for perch and roach taken from the MSC 
than the Quays. This may be explained, if faecal counts are a reliable indicator of sewage 
contamination and subsequent exposure to exogenous oestrogenic compounds. Periods of 
moderate bacteriological counts are observed in the Quays in mid to late summer thought to 
be linked to occasional locking in of recreational boats, but in the MSC all year round. The 
window for disruption, when fish are considered to be most vulnerable to oestrogenic activity 
is just after hatching or during the juvenile stage (Environment Agency 1998). If the window 
for disruption for perch occurs during the early stages of development, then it is unlikely they 
will be exposed to oestrogenic activity in the Quays since they spawn from April to May.
Roach generally spawn later than perch, and in Salford Quays, roach eggs are observed up to 
2 months after perch spawning is over. Hence roach are more likely to receive oestrogenic 
exposure in the Quays, according to E. Coli indicator data (Figure 6.5). Exposure is highly 
likely for both species in the MSC, and the intersex condition is clearly observable. Early
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spawning of perch in this waterway will not reduce the level of exposure (as in Salford 
Quays) but rather, it may be increased, as high spring flows will wash sewage-associated 
pollutants into the canal system, via combined sewer overflows. A scenario whereby 
oestrogenic substances can persist for long periods in anaerobic sediment and are later re­
suspended during high flow events is also recognised (EA 1999). Ultimately however, faecal 
indication bacteria counts are relatively high throughout the year in the MSC and 
subsequently the high degree of disruption seen in perch is likely to be caused by strong 
sensitivity to oestrogenic substances.
Length frequency histograms of the two species in the MSC show a wide range of cohorts 
(Figs. 4.2 and 4.3). This suggests that life cycles are completed and recruitment to the adult 
population occurs. With this in mind it appears that the effects of oestrogenic disruption may 
not be felt at the population level (e.g. the net production of milt is still adequate to fertilise 
ova). However recruitment of roach and perch to the adult populations may not be due to 
successful local spawning, but rather fish being washed down from upstream. If this is the 
case then the impact of the intersex condition upon spawning success and the sustainability of 
fish populations may not be detectable at the population level.
If spawning is still successfully occurring then young of the year should be seen in the survey 
area. This is the case, and fry were observed in the summers of both 1998 and 1999 in the 
small dock in the confluence of the River Medlock and in the MSC Turning Basin. Newly 
hatched perch fry were also caught in the MSC during open water trawls carried out the 
summer of 2000 during a PhD study of fry habitat use and development (Baldwin, 
unpublished). It is possible that fertilisation is not occurring in the polluted reaches of the 
river and canal, but rather these fry are washed downstream from more healthy populations 
upstream. However the perch fry caught in the MSC were at early stages of development, 
(around first feeding stage) and so were more likely to have been spawned locally.
The presence of perch fry in the Turning Basin is of particular importance since the sexual 
development of males was significantly disrupted. Males testis were often stunted and 
contained large volumes of connective tissue. These two factors will result in an overall 
reduction in milt production at the population level, whilst the absence of sperm ducts 
connecting testis to the cloaca in 40 % of males will further inhibit their ability to fertilise 
eggs. However the failure of eggs to survive in the MSC Turning Basin (observed in May 
2000) cannot be attributed to parental oestrogenic disruption alone, given the low flow and 
DO conditions prevalent in the canal at that time. Spawning bundles were introduced to the 
River Irwell and MSC towards the end of the perch spawning season and eggs laid earlier may 
have had a higher fertilisation and survival rate. Indeed it is surprising that perch had 
remained in the Turning Basin to spawn at all given the prevailing poor water quality.
6.6 Summary and conclusion
This chapter describes an investigation into the sexual development of roach and perch in the 
polluted lower River Irwell and MSC. The incidence of this condition in the survey area was 
compared to that in Salford Quays, a water body effectively isolated from polluting 
discharges. Both water bodies were monitored for sewage effluent and coliform 
contamination.
R&D TECHNICAL REPORT W2-030/TR 123
The sex ratio of roach and perch in Salford Quays and that of roach in the MSC showed an 
initial bias towards males, which switched to females as populations aged. This is natural for 
coarse fish and is attributed to the early maturation and differential mortality of males (Atz 
1964). However the dominance of female roach in the MSC was particularly pronounced. 
Male survival rates may be further reduced with age by the impact of high VTG levels, 
produced as a result of exposure to exogenous oestrogenic chemicals. Such an exposure was 
most likely in the MSC and the female to male ratio for roach over the age 3 years was 12 : 1.
The sex ratio of perch in the MSC was unusual, since females dominated the population up to 
four years old, after which males were more common. However young females had poorly 
developed ovaries that were small and full of undeveloped primary oocytes, despite being 
sampled in February only a few months before their spawning period. The sex ratios seen in 
perch taken from the MSC may also be due oestrogenic disruption and could be explained by 
the precocious development of females and inhibition of male development. This may occur 
in perch but not roach, since unlike cyprinids, some percids species are naturally 
hermaphroditic and therefore perch sexual development may be more sensitive to any 
disruption.
No male perch in Salford Quays had the intersex condition, but all males taken from the MSC 
were severely effected. Male perch from the MSC typically had stunted testis with some 
internal egg development and a high degree of connective tissue proliferation.
The intersex condition was found in 45 % and 24 % male roach taken from the MSC and 
Salford Quays. Coliform counts for Salford Quays showed occasional short term increases in 
bacterial count during the summer that call into question the validity of this site as a control 
uncontaminated by sewage effluent. However male roach from the MSC were also more 
severely effected by the condition, scoring significantly higher on an intersex index developed 
by Jobling et al. (1998) to assess intersex severity in roach.
Male roach and perch in the MSC had significantly smaller gonads, measured as 
gonadosomatic index, than males in Salford Quays. This was presumably due to the impact of 
the intersex condition upon gamete production and demonstrated that the quantity of gametes 
was reduced in male populations subject to intersex. Female perch in the MSC also had a 
significantly lower GSI than those in Salford Quays, suggesting that the disruption of sexual 
development is not restricted to males, although female roach in both water bodies had a 
similar mean GSI.
The impact of exogenous oestrogens upon roach and perch at the population level cannot be 
discerned from this study. The chances of successful fertilisation and egg survival to hatching 
may be reduced by both a reduction in milt production and a reduction n the viability of 
gametes. The quality of gametes cannot be discerned from this study but it is clear that a 
reduction in GSI will result in fewer sperm and egg cells being made available for 
reproduction. Low levels of gamete production were most likely in perch males taken from 
the MSC, since large volumes of testis which would normally be used for milt production 
were full of connective tissue. In addition a third of male testis were not connected to the 
cloaca, presumably further reducing the ability of these fish to spawn successfully.
In Salford Quays, where male perch appeared to have normal sexual development, over 90 % 
of perch eggs examined contained a developing embryo. However only 20 % of perch eggs in 
the MSC Turning Basin contained embryos, suggesting that the remaining 80 % of eggs were
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not fertilised. Cyprinid eggs were not found in the survey area and so no data on roach 
fertilisation rates was available. Therefore, given the severity of the intersex condition in 
perch, it is possible that their spawning success is significantly reduced. However the presence 
of perch and cyprinid fry and 1+ fish in the survey area demonstrates that successful spawning 
does occur, although whether these juveniles are spawned by fish effected by intersex or 
whether by healthy populations upstream of the survey area is not known.
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7. GENERAL DISCUSSION AND CONCLUSION
7.1 Summary
In the past, poor water quality has resulted in low invertebrate and fish diversity in the River 
Irwell and Manchester Ship Canal. However water quality throughout the Mersey catchment 
has shown consistent improvement over the last 25 years (Harper 2000). Improvements in 
water quality have occurred in both the lower River Irwell and upper MSC, as evidenced by 
changes to a wide range of parameters including BOD, dissolved oxygen and ammonia. Such 
improvements in water quality have been attributed to improved sewage treatment at the 
major STW’s discharging into the River Irwell and MSC, specifically at Bolton, Bury and 
Davyhulme (Harper 2000). Although the ecological condition of the River Irwell and MSC 
can still be classified under the General Quality Assessment Scheme as poor, a clearly 
observed improvement in water quality and a subsequent increase in faunal diversity has been 
recorded (see Chapter 2).
As recently as the early 1990’s only roach and sticklebacks were found in the MSC (Hendry 
1991) and the increase in the number of species observed in the waterway during this study is 
probably due to the dispersion of fish stocked by the Environment Agency (see Chapter 3). 
This provides a good example of the benefit of stocking into depopulated waterways and has 
probably enabled coarse fish to recolonise the River Irwell.
The distribution of fish species within the survey area demonstrated a preference for the upper 
reaches by rheophilic species such as chub and dace, whilst roach and perch were more 
common further downstream where the water course was deeper and flowed more slowly. 
Despite the presence of fish in the study area, water quality parameters in the Turning Basin 
failed to meet the mandatory targets set by the EC for a freshwater fishery. Nevertheless all of 
the fish species sampled except pike had a high mean condition factor, suggesting that these 
fish populations are in good health. Therefore the overall trend of improving water quality, 
current diverse range of fish species and their good condition indicates that this stretch of the 
Irwell is recovering from its legacy of historical pollution.
The age structure of roach and perch both showed a range of age classes suggesting that the 
successful recruitment of young fish to the adult population occurs. However a lack of habitat 
diversity will result in both inter- and intra-specific competition for prey, at least between 
young fish that are too small to feed upon the highly abundant Asellus. Competition between 
juvenile fish for food would explain the density-dependent pattern of roach recruitment seen 
in the survey area. However the recruitment mechanism responsible for the roach population 
structure recorded in the Irwell and MSC is not clear and further studies into feeding 
behaviour in conjunction with habitat use are required.
The invertebrate community was typical of a detrital-based system and numerically dominated 
by the Crustacean Asellus aquaticus, which occurred throughout the survey area at high 
densities. Asellus made up a significant proportion of the diet of both roach and perch in the 
survey area. The abundance of this food source was thought to be a particularly important 
factor contributing to the fast growth rate of roach, since it enabled older fish to forage freely 
without switching to a vegetarian diet. Perch growth rate in the survey area was found to be 
typical for the species, despite a strong dietary preference for Asellus. This was ascribed to a
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high parasitic burden, whereby perch are heavily infested with the spiny headed worm 
Ancathocephala sp. which utilised Asellus as a vector. This parasite was not found in the 
alimentary canal of roach.
Despite an abundance of food for coarse fish in the survey area and a fast roach growth rate, 
the productivity levels of both roach and perch were found to be low. This was due to the low 
population densities of these two species as recorded by hydroacoustic surveys. However the 
estimated productivity levels reported in Chapter 5 are minimum estimates since all SONAR 
surveys had to be carried out during the day. A series of stationary hydroacoustic surveys 
showed that fish activity decreased by a factor of up to six between a peak at sunset and an 
early morning low. Population surveys were carried out around midday when fish activity was 
approximately three times lower than the evening peak, and as such actual fish density and 
productivity may be underestimated by the same margin.
Fish distribution favoured the Turning Basin during the winter. An investigation into fish 
movement was undertaken during this study, based upon radio tracking of tagged fish and 
monthly descriptions of fish distribution produced by hydroacoustic surveys. The 
radiotelemetry study failed to produce any useful results, while the hydroacoustic surveys met 
with only limited success. In both cases, a failure to describe fish movements can be attributed 
to the limitations of equipment when applied to an urban waterway. Radio tags were under­
powered because tagged roach and perch were too small to carry tags powerful enough to 
compensate for attenuation in the MSC. Radio receivers were unable to differentiate between 
tag signals and a constant background noise produced by the city. The hydroacoustic 
equipment could not differentiate between bubbles in the water column produced by anoxic 
sediments and fish.
Fish density further upstream, where the River Irwell feeds the MSC increased with 
increasing temperature. This was probably due to an increase in fish activity as water 
temperature increased, but may have also reflected the upstream movement of fish out of the 
Turning Basin in the spring. Upstream movement coincided with falling DO levels in the 
Turning Basin as water temperature increased, but such an upstream migration would also be 
undertaken by fish moving into the River Irwell to spawn.
This study concluded that fish were unlikely to be attracted to the Turning Basin to 
specifically feed upon Asellus, since the crustacean is abundant throughout the survey area 
and should not limit fish distribution. The three factors considered to be most important in 
determining adult distribution were the selection of spawning habitat in the spring, 
downstream displacement of fish during periods of heavy flow and exclusion from the 
Turning Basin during periods of poor summer water quality. Downstream displacement may 
have a profound effect upon fish distribution in the study area since few backwater flow 
refuges exist, and would therefore result in the concentration of fish in the Turning Basin. Fish 
such as roach, bream and perch may stay in the Turning Basin to feed on Asellus, but would 
be forced to move upstream if water quality deteriorated and DO levels fell during the 
summer. However current oxygen injection in the Turning Basin (Wilson et al. 2000) will 
remove this barrier to fish distribution and any fish in the Basin may well remain until a 
spring spawning migration.
A lack of natural littoral zones and macrophytes in the lower River Irwell and MSC meant 
that potential spawning sites were uncommon. Spawning behaviour was only observed in the 
upper reaches of the survey area from Adelphi Footbridge, which crossed the river in Zone 3.
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The species involved were not identified but cyprinid and percid fry were caught in the 
Turning Basin and were observed in flow refuges such as the mouth of the River Medloclc and 
Woden Basin. Juvenile 1+ roach and perch were also caught in Woden Basin and in the upper 
MSC along a single stretch of shallows. However the sampling and subsequent assessment of 
0+ and 1+ fish density is problematic in their watercourses and was not specifically 
undertaken in this study.
Substantial bankside modification throughout the survey area has removed backwaters and 
reduced the number of flow refuges available to fish. This will result in the downstream 
displacement of fish into the Turning Basin during storm flows and juveniles whose 
swimming capability is not fully developed will be most strongly effected. Poor water quality 
throughout the study area, and specifically low DO concentrations and high ammonia levels in 
the MSC, suggest that fish populations are subject to a high level of environmental stress. 
These conditions will impact most strongly upon fish eggs and fry, since they are particularly 
sensitive (Alabaster and Lloyd 1982) and are least able to escape. The impact of poor water 
quality upon fry may be particularly significant as they are flushed into the Turning Basin 
where water quality conditions are most stressful.
Water in the lower River Irwell and MSC also appears to be oestrogenically active, leading to 
the disruption of roach and perch gonad development and intersex in males. Typical roach and 
perch sex ratios in Salford Quays and roach in the MSC were characterised by early male 
dominance followed by female dominance at ages older than 3 to 4 years. Female dominance 
was particularly strong in the MSC roach population, suggesting high male mortality, whilst 
the sex ratios for MSC perch were characterised by disrupted sexual development in the 
younger age classes. Both of these phenomena may be ascribed to exogenous oestrogenic 
activity in the MSC water.
The majority of male roach and all male perch in the River Irwell and MSC showed signs of 
intersex, ranging from the development of eggs in the testis in both species to a proliferation 
of connective tissue in the testis of perch (see Chapter 6). Whether the severity of the intersex 
condition observed in the survey area effects the ability of roach and perch to spawn 
successfully is not clear. Artificial substrates placed in the survey area at the end of the perch 
spawning season had perch egg ribbons laid upon them. However few eggs contained 
developing fish larvae and the majority appeared to be unfertilised. This may indicate that 
perch spawning success was compromised in the survey area but further studies into spawning 
success rates and egg survival in the wild are required to determine the likely impacts of 
oestrogenic disruption at the population level.
Despite the possible impacts of oestrogenic disruption to the roach and perch populations in 
the Irwell and MSC, successful spawning must have taken place since fry were observed in 
the study area. However whether these young fish are the result of successful spawning of 
adults in the lower River Irwell and MSC or immigrated into the area from further upstream is 
not clear. A wide range of age classes was also identified in fish populations, which suggests 
that successful recruitment of juveniles into the adult population occurs.
The recolonisation and recovery of the lower Irwell as a fishery cannot be described as natural 
given the amount of coarse fish stocking undertaken by the Environment Agency over the last 
ten years. Therefore the maintenance of the fish community may not be sustainable without 
attention to the likely impacts of poor water quality and presence of developmental 
bottlenecks. Such bottlenecks will occur due to a lack of habitat, especially spawning habitat
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and backwater refuges for fry. The impact of oestrogenic disruption on fish community 
sustainability is unclear.
7.2 Further studies
This study established that a diverse coarse fish community exists in the lower River Irwell 
and upper MSC. The fish community was numerically dominated by perch and roach and 
various aspects of their ecology in an urban lowland watercourse was described. However the 
fishery exists within a degraded environment subject to chronic poor water quality, periodic 
acute pollution events and a lack of habitat. Before addressing these factors a more accurate 
appraisal of the sustainability of the fishery is required and in particular further investigations 
into fish movement in the survey area, spawning success and recruitment mechanisms. 
Therefore further research into the ecology of the fish community of the Irwell and MSC 
should be carried out for both perch and roach and can be split into three areas:
1. Adult distribution and movement.
2. Spawning behaviour and success.
3. Fry and juvenile fish feeding behaviour, distribution and survival.
7.2.1 Adult distribution and movement
The current study attempted to track the movement of individual fish with radio telemetry and 
map the gross distribution of fish over time with monthly SONAR surveys. However neither 
method proved to be satisfactory in the MSC. The aim of future studies should essentially 
stay the same, but the movement of fish should monitored by stationary SONAR surveys and 
a rolling program of monthly netting and passive tagging exercises.
A specific aim of the proposed study is to track the movement of fish in response to falling 
DO levels in the MSC. The movement of fish out of the Turning Basin, in response to changes 
in water quality can be recorded with a stationary, horizontal SONAR unit placed at the 
entrance to the Basin. The stationary use of SONAR equipment was carried out successfully 
during this study to assess movement up and downstream (see Section 5.4.4), but these 
surveys did not coincide with significant changes in water quality. Such changes are now 
unlikely to occur in the MSC Turning Basin since a summer program of oxygen injection has 
been undertaken, the aim of which is to maintain DO levels above 4 mg O2 I"1. The use of 
oxygen injection does however enable an experimental element to be introduced to this 
investigation. Stationary surveys can be carried out over a period of low summer flow and hot 
weather, during which fish movement at the entrance to the Turning Basin can be monitored 
with and without oxygen injection. Dissolved oxygen levels should be monitored in the 
Turning Basin and at the SONAR transducer. Fish movement out of the Turning Basin in 
response to falling DO levels would provide a measure of tolerance to low DO. This could be 
used as a guide to DO targets in similar lowland water bodies and refine the appropriate level 
of DO to be maintained in the Turning Basin by oxygen injection for fish survival.
Recommendations were made in Chapter 5 for the use of radio tracking equipment capable of 
tracking fish movements in the MSC and River Irwell. However these specifications are likely 
to be expensive and an alternative method based upon a program of netting and passive 
tagging is recommended for further studies into fish distribution in the survey area.
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Fish can be sampled by gill and fyke netting in the Turning Basin and fyke netting in the 
River Irwell. Gill nets can be used non-destructively if placed for short periods of time and a 
single net placed in the Turning Basin during this study caught over 70 roach in one hour. The 
most effective sampling method undertaken during this study was electric fishing with a boom 
boat in Woden Basin, although few other suitable areas are shallow enough for this method.
Fish should be PIT tagged to allow individual identification when re-caught by monthly 
netting in both the Turning Basin and the River Irwell. This approach would allow: (1) A 
rolling capture-recapture program to be undertaken which would provide population density 
estimates and (2) The identification of fish movements between the Irwell and Turning Basin 
between sampling periods.
7.2.2 Spawning success
The aim of this study is to identify spawning sites in the survey area and assess the potential 
impact of oestrogenic disruption on roach and perch spawning success. This should be done 
through an appraisal of habitat availability and walk over surveys of the river to identify 
spawning activity. Spawning behaviour has been observed in the upper reaches of the survey 
area and spawning bundles can be placed in the vicinity to confirm spawning activity and 
collect material for an assessment of spawning success. Additional spawning bundles should 
be placed in the Turning Basin, where DO levels are currently elevated by oxygen injection.
An assessment of spawning success can be undertaken by examining egg fertilisation and 
hatching rates in the field. This would be undertaken to provide data on the impact of intersex 
at the population level, which could be compared to a control site in Salford Quays. A pilot 
study of this method was undertaken during this study (see Chapter 6) which met with some 
success in identifying apparent low fertilisation rates in the Turning Basin. However the 
interpretation of results were complicated by poor water quality conditions in the Turning 
Basin in May 1999. Oxygen injection in the Turning Basin should now ensure that DO levels 
do not fall below 4 mg O2 I'1 and as such poor hatch results may more clearly be ascribed to 
the gamete viability. Nevertheless additional water quality parameters such as high suspended 
solid levels and ammonia concentrations in the Turning Basin may also reduce egg survival 
rates. The impact of these environmental conditions upon eggs laid in both Salford Quays and 
the MSC can be investigated by transferring eggs between water bodies.
The examination of perch eggs is relatively simple since they are transparent and can be 
examined in the field and returned to the spawning substrate. However cyprinid eggs are 
opaque and sub samples should be removed to the lab where they can be treated with a 
clearing agent to allow internal examination.
7.2.3 Fry diet and survival
Fry survival rates in the first year are important in determining the proportion of a year class 
that recruits to the adult population. Fry survival is itself determined by a variety of factors 
including egg quality, water quality and temperature (Diamond 1985), food availability and 
predation pressure (Miller et al. 1988). Fry spawned in the survey area are likely to be 
displaced downstream to the Turning Basin since very few flow refuges exist in the lower 
River Irwell. Therefore the aim of this study is to assess fry survival and feeding behaviour in
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the Turning Basin and provide evidence of whether recruitment within the survey area is 
possible.
Fry population studies are very difficult to undertake in still waters such as the Turning Basin. 
Any sampling regime must consider that decreases in fry numbers caught over a summer will 
occur due to ongoing development and growth, which will enable fish to progressively avoid 
active sampling methods such as pelagic trawls.
With this in mind a study of fry survival in the Turning Basin should be carried out in an 
enclosure, which allows the transfer of water and plankton, but not fry. The enclosure should 
be placed along the northern wall of the Turning Basin, where bunds have been built to isolate 
Salford Quays. This area is accessible by a walkway and water depth along the bund is 
approximately 1-m. The size of enclosures should be as large as practically possible to reduce 
the impacts of density dependant mortality. Enclosures would be seeded with eggs taken from 
spawning bundles already situated in the Turning Basin, and fry numbers could more easily be 
monitored in enclosures with either active methods such as pop up nets and vertical trawls, or 
passively with traps.
Zooplankton and rotifer densities and the stomach contents of fry could be investigated both 
inside and outside the enclosures. This would provide data on feeding behaviour and the 
transferability of result in enclosures to the Turning Basin. However the impact of relatively 
high fry density in the enclosures and their removal during sampling should be considered 
during study design.
7.3 Future developments in the Manchester Ship Canal and lower River 
Irwell
7.3.1 Changes in the Fish community
The Lower River Irwell and upper MSC currently supports a mixed coarse fish population. 
However the sustainability of this fishery cannot be taken for granted. Throughout the 1990’s 
concerns have been raised as to the fate of UK river fisheries and in particular a recent decline 
in coarse fish stocks has been suggested by the angling community (NFA 1999, see Section 
1.3). The long list of percieved ‘named causes’ of fisheries decline reported in Chapter 1 gives 
a fair indication of the wide variety of impacts which a fish population must overcome to 
remain sustainable. Some of these impacts, such as water quality and pollution are particularly 
significant to the River Irwell and MSC, as is the lack of flow and habitat diversity.
One of the possible reason suggested by the NFA (1999) for the more recent decline in coarse 
fish numbers is a reduction in the trophic status of waterways, as sewage effluents become 
treated to a higher standard and their fertilising effect is reduced. Any long term prediction as 
to the sustainability of the River Irwell fishery should take these observations into account. A 
reduction in the organic load of a waterway may have both a qualitative impact, changing 
community structure including a possible increase in diversity, and a quantitative impact 
whereby overall productivity is reduced and fish numbers decline. Initially high productivity 
in recovering rivers may have compensated for the deleterious impact of factors such as poor 
habitat and oestrogenic disruption upon fish populations. However as the fertilising effect of 
effluents decreases, population parameters such as growth rate and gamete production decline,
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and the impact of factors such as poor habitat and oestrogenic disruption become noticeable as 
population numbers fall.
A reduction in the organic load of the River Irwell may result in changes to the community 
structure of the fishery, as reported in the River Severn (North and Hickley 1979) and River 
Trent (Cowx and Broughton 1986, Cowx 1991). Robinson et al. (2001) considers that fish 
community structure is likely to switch from small species such as roach to larger ones such 
as chub. However the changes recorded in catchments such as the Trent and Severn may not 
be reproduced in the Irwell which has a relatively small urbanised catchment. The Trent 
catchment is larger than the Mersey and drains areas that are less densely populated. 
Therefore the River Trent provides a relatively high and more reliable effluent dilution factor. 
As such, improvements in the secondary treatment of sewage effluent may well have been 
sufficient to reduce the trophic status of the River Trent and hence affect the fish population.
In contrast the study area receives a constant input of sewage derived organic material; 
furthermore, at best over 90% of the day weather flow is sewage effluent and hence the water 
quality of the River Irwell cannot be expected to improve any further without tertiary 
treatment (nutrient stripping) being undertaken in the major STW’s. Therefore, since the 
contribution of treated effluents to the catchment is expected to remain high, a reduction in the 
trophic status of the River Irwell and MSC is unlikely. In addition, the system also receives a 
large amount of natural and alloncthonous organic material such as leaf litter, washed down 
from the catchment and deposited in the Turning Basin which behaves in effect, like an in-line 
lake, albeit artificial. The MSC and Turning Basin helps to maintain the trophic status of the 
lower River Irwell by acting as a sink for organic material, where a highly productive detrital 
based ecosystem can thrive.
Indeed any changes in fish community structure are unlikely to occur in the Irwell under the 
present level of habitat homogeneity, despite the presence of other species such as chub and 
bream in the river. In particular the ability of roach to feed omnivorously and spawn upon a 
wide range of substrates makes them particularly versatile and capable of exploiting degraded 
rivers.
7.3.2 Future improvements
The dual problems of poor water quality and lack of habitat both need to be addressed in the 
lower River Irwell and MSC. An appraisal of habitat requirements and rehabilitation cannot 
really be undertaken however until water quality conditions have been stabilised, since the 
benefits of new habitat can easily be undone by low flow oxygen stress and intermittent 
pollution events.
Water Quality
The Turning Basin is characterised by the deposition of large amounts of organic material, 
which result in low DO concentrations during summer low flow conditions. Previous trials 
into the efficacy of injecting compressed oxygen into the Turning Basin water column, as a 
means of elevating DO levels during the summer were undertaken during 1998 (see Chapter 
3) and proved to be successful (APEM 2000). As a result of this, current water quality 
management of the lower River Irwell and MSC have centred upon the use of an oxygen 
injection scheme over the next ten years, designed to maintain DO concentrations above 4 mg
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I-1 during the summer (Wilson et al. 2000). The long term impact of this scheme upon 
ecology of the Basin is not known but oxygenation should ensure that any fish eggs laid in the 
Turning Basin and displaced fry will be able to survive summer low flow conditions. Year 
round abundance of Asellus should also be achieved.
Low flow rates and a subsequent reduction in water volume can result in stress to fish through 
both the deterioration of water quality and loss of habitat. Loss of potential spawning habitat 
or the death of eggs laid prior to periods of low flow were observed during in River Irwell 
when spawning bundles had been placed throughout the survey area (see Chapter 6).
The oestrogenic activity of pollutants in the River Irwell and MSC will also be exacerbated by 
low flows due to poor dilution. Such low flow events are common in the Mersey catchment 
during the summer months, when 0+ coarse fish are arguably most susceptible to oestrogenic 
activity. At least a four-fold dilution level of sewage effluent has been suggested to render it 
oestrogenically inactive (Harries et al 1999). This level of dilution is often not achieved in 
urban rivers since they generally have a high effluent contribution to summer flow levels. For 
example, the dry weather flow of the River Irwell following AMP 3 investment in sewage 
infrastructure will be at best 92% treated sewage effluent (Jolley L., North West Water, pers 
comm).
Habitat
The culverting and canalisation of the River Irwell and MSC directly results exists in low 
channel habitat and flow diversity. Under these conditions any habitat that does develop is 
likely to be lost in floods and spate flows, reducing the survival of juvenile coarse fish as they 
are displaced downstream. This is typical of lowland UK rivers where flood defence 
management has effectively reduced the availability of natural backwaters and flood plains 
(Mills 1991).
In Salford Quays, improvements in water quality and the establishment of a fishery has 
necessitated the development of various artificial habitats (Nash 1998). These structures 
include floating islands providing fry refuges, and the installation of spawning media. Current 
research has also been undertaken into the use of artificial fry refuges in the Quays (L. 
Baldwin, PhD studentship, University of Manchester). If the current oxygenation of the 
Turning Basin results in increased use of the area by fish, then similar improvements in 
habitat may be warranted.
However, sustainable habitat improvements in the MSC are best achieved by diversifying the 
flow regime and creating littoral zones. This would necessitate a degree of alteration to the 
structure of the canal, by for instance recreating some form of sinuous channel and opening 
up of backwaters. However the types of alteration undertaken in relatively small watercourses, 
such as instream channel works are unlikely to withstand hydraulic pressure in the MSC. In 
addition the MSC is still used as a commercial navigation way and the role of the upper 
reaches of the MSC Turning Basin in flood control cannot be compromised.
Therefore the short-term future of habitat improvements in the Irwell and MSC should give 
serious consideration to the exploitation and enhancement of pre-existing structures, whilst 
any long-term rehabilitation of habitat would necessitate a reappraisal at least in part of the 
upper MSC’s function. Woden Basin provides an example of an old disused dock which
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functions as a flow refuge for juvenile fish and is utilised by a range of species. A similar 
dock is situated on the opposite bank of the River Irwell, but this backwater has been closed 
and filled in to create a sunken garden. The relative value of competing recreational and 
ecological features is not clear but the infilling of off line features should be avoided and 
where possible such features should be enhanced for fish use.
Several potential backwaters and shallow, depositional areas exist in the survey area and 
evaluation of their enhancement for fish habitat development could be undertaken. Such sites 
include the entrance to two infilled docks at Pomona where canal depth is shallow and the 
right hand bank of the MSC as it turns west and enters the Turning Basin. The inside of this 
bend is very shallow, often exposed during low flow and could be stabilised and planted with 
reeds. A shallow bay on the same bankside at the entrance to the Turning Basin has supported 
plants and was used as a nesting site by swans but was recently cleared.
One potentially productive source of backwaters may be found in the old River Irwell 
Channel. The MSC does follows the original path of the River and several ponds and several 
stretches of the River still exist. Three such stretches closely associated with the MSC are in 
zone 7 of the survey area. Two of these backwaters are connected to the canal, whilst a third 
has been isolated but could be reconnected if appropriate. Another stretch of the old River 
Irwell that could function as a backwater to the canal is situated downstream of the Turning 
Basin and has been developed as the Trafford Ecological Park.
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